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EUGENE WOLDEMAR HILGARD 
Zweibriicken, Bavaria, Jan. 5, 1833—-Berkeley, California, Jan. 8, 1916 


Having been granted the vision and the strength to achieve, Doctor 
Hilgard labored humbly and gratefully to the very end, in his chosen field 
of science. Born at Zweibriicken, Bavaria, in 1833, he studied at Ziirich, 
Freiberg and Heidelberg and as a young man came to the United States 
for a long term of faithful and distinguished service. In 1855 he was 
appointed chemist of the Smithsonian Institute, but resigned in the fol- 
lowing year to accept service with the State of Mississippi. He remained 
there until 1873 in the capacity successively, of assistant state geologist, 
state geologist and professor of chemistry. He then accepted an appoint- 
ment as professor of geology and natural history at the University of 
Michigan. II] health compelled him to resign in 1875 and to seek a milder 
chmate which he found in California. There he studied, taught; and in- 
spired many men for more than forty years. In his capacity as professor 
of agriculture and director of the agricultural experiment station he 
helped to build up the agriculture of a great commonwealth; but even 
more than that, he made important contributions to soil physics and soil 
chemistry and aided thus in the building of the foundations of the science 
of soils. 

Not possessed of a rugged physique he was nevertheless a tireless 
worker and always eager to help. His responsibilities at the university 
did not deter him from important service elsewhere. As special agent of 
the Tenth Census, as one of the officials of the Northern Transcontin- 
ental Survey, and as chairman of the Committee on Agriculture in Arid 
Regions he rendered service of national or international scope. In recog- 
nition of this service and of his numerous contributions to agricultural 
geology, plant physiology, soil physics and soil chemistry, he was awarded 
the Liebig Medal by the Munich Academy in 1894; a diploma and gold 
medal at the Paris Exposition in 1900; was elected honorary member of 
several scientific societies, and was given the honorary degree of LL.D. 
by the Universities of Mississippi, Michigan and Columbia. But while 
the world of science knew of his work and honored him for it, it was the 
peculiar privilege of his associates to find inspiration in his kind and 
helpful nature, in his catholic sympathies, in his clear vision and in his 
unfailing devotion to truth. 
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INTRODUCTORY 


Specialization must follow expansion in every field of knowledge. 
The growing mass of facts, observations and deductions must be classi- 
fied, divided and subdivided. They must be made ready for the far 
sweep and insight of genius, ready for those broad generalizations that 
will fit the scattered and apparently unrelated parts into a symmetrical 
design. Without this preliminary gathering and grouping of facts, a task 
often tedious, at times seemingly unprofitable, the progress of science 
would be halted and the understanding of the great laws of nature would 
be dimmed. 

Specialized technical publications are the necessary outcome of 
specialization in research. When investigation is carried on in a field of 
science but meagerly explored, the findings may be recorded in journals 
not specifically devoted to those problems. But as the data accumulate 
and the number of workers in a given field is increased the need becomes 
more urgent for a specific medium. That this need is now being felt in 
the field of soil research is attested to both by the large number of projects 
under investigation and the many specialists in the domains of soil phy- 
sics, soil chemistry and soil biology. Scores of technical papers on the 
various phases of soil fertility appear in the course of each year as station 
research bulletins or in publications like the Journal of Industrial and En- 
gineering Chemistry, the Journal of the American Society of Agronomy, 
the Journal of Agricultural Research, the Botanical Gazette, Science and 
a number of others. Many American contributions to soil science appear 
also in European journals, among them Centralblatt fiir Bakteriologie 
und Parasitenkunde, Zweite Abteilung, Internationale Mitteilungen fir 
Bodenkunde and the Journal of Agricultural Science. It is evident, 
therefore, that under existing conditions the soil investigator is put to 
much inconvenience in keeping before him all of the more important 
papers in soil research. Moreover, he finds it increasingly difficult to 
secure the prompt publication of his own papers in journals whose con- 
tributions cover a wide range of scientific activity. Not infrequently six 
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months or more must elapse between the writing of a paper and of its 
appearance in print. 

In planning for the publication of Sort ScieNcE the Editor was guided 
by the wish to facilitate the bringing to light the results of soil research. 
He felt encouraged to believe that the new journal would help to con- 
serve the time and the energies of his fellow students of soils; that it 
would provide for a more direct contact among men interested in the 
same problems; and that it would lead to a broader outlook on the entire 
field of soil fertility. There need be no fear that Somt ScIENCE will in any 
way impair the value or usefulness of other technical journals. From 
year to year there is a greater number research papers made available for 
publication in all the fields of science. As time goes on the older jour- 
nals find it expedient to draw the lines of selection more rigidly and to 
give preference, within the greater volume of research problems, to one 
or another group of papers. 

Sort SCIENCE is to be devoted to problems in soil physics, soil chemis- 
try and soil biology. Papers dealing with problems in plant physiology, 
agronomy, bacteriology or geology will be accepted only when they may 
contribute directly to our knowledge of soil fertility. It should not be as- 
sumed, however, that the field as outlined is at all a narrow one. The 
study of the mineral and organic constituents of soils, the study of soil 
gases, the study of soil water as a solvent of soil material, the study of 
soil colloids, the study of commercial plant foods and of their transform- 
ation in soils, all deal with questions as numerous as they are interesting. 
Added to these are the phenomena that concern soil micro-organisms, 
viz., bacteria, molds, protozoa and algae. Recent investigations in the 
domain of soil biology have shown us that this field is indeed a large one. 
If nothing else, these investigations have pointed out to us new modes of 
attack and have brought us appreciably nearer to a firmer grasp of the 
fundamental facts of soil fertility. It is the Editor’s hope that Sort 
SCIENCE will in some measure help to coordinate both methods and facts 
in soil research, and that the Consulting Editors, who so generously con- 
sented to lend their moral support to the new enterprise, will be amply 
repaid in the knowledge that they have made still another contribution to 


the progress of their chosen work. 
THE EDITOR. 


A DETAILED STUDY OF EFFECTS OF CLIMATE ON 
IMPORTANT PROPERTIES OF SOILS.* 


By C. B. Lipman anp D. D. Waynick. 


We owe to Hilgard more than to any other one investigator our pre- 
valent conceptions with respect to the extremely important réle played 
by climate as a determinant in the formation of soil types and, in a gen- 
eral way, of the productivity of the latter. Hilgard’s admirable contri- 
butions to this subject, however, though based on a comprehensive sur- 
vey of soil conditions the world over have dealt, in the main, with the 
causes underlying the physical and chemical constitution of soils as af- 
fected by climate. Even so far as those soil characteristics are concerned, 
the deductions and observations referred to, dealt with only some condi- 
tions as found at the time when the study was made, and particularly 
with regard to soil formation. They deal with changes wrought by the 
elements in agricultural soils themselves in periods of time measured 
secularly or millennially, rather than by intervals approximating the 
decade. There is as, a result, no information extant which may be em- 
ployed to illuminate the subject of the effects of climatic changes, large 
or small, on the properties, in the broad sense of the word, of soils. It is 
to the task involved in such a study and in particular to changes wrought 
by climate in relatively brief periods of time in the same soil types that 
the authors addressed themselves. In planning the mode of attack in the 
case of such a problem, it occurred to the senior author that there was 
available a set of experimental soil plots which should lend themselves 
admirably to the purpose in view. These soil plots belong to the tri-state 
soil exchange experiment established for studies on climatic and soil 
effects on the gluten content, and on the composition, in general, of 
wheat. The latter experiment, which was initiated in 1908 is conducted 
under the joint auspices of the Office of Cereal Investigations, Bureau of 
Plant Industry, United States Department of Agriculture and the De- 
partments of Agronomy respectively of the Maryland, the Kansas and 
the California Agricultural Experiment Stations. Detailed descriptions 
of the experiment are to be found elsewhere® and need receive no further 
consideration here. It suffices for a clear comprehension of our experi- 
ments merely to state that a soil block, five feet square and three feet 
deep, from the fields of each of the three state experiment stations above 
named, was moved to the two other experiment stations and placed in 
position as nearly as possible in the original order of layers. A similar 
block of soil was dug up and replaced in its position at every station. 
Strips five feet wide of untouched field soil surrounded the board frame 
of every plot which was placed in position. It was then possible to 


*From the Laboratory of Soil Chemistry and Bacteriology, University of Cali- 
fornia. 
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study at Maryland, at Kansas and at California four soil blocks as follows: 
first, natural field soil undisturbed; second, natural field soil disturbed 
and replaced; third and fourth, soil blocks obtained respectively from 
each of the other two stations. The following diagram indicates the ar- 
rangement of these experimental soil blocks at the University Farm, 
Davis, California, and may typify the others as well. 


Check plot undisturbed 


—~-—5 ft,—__-~- California | 5 ft-——_—— Maryland 


_ — 
bl = 
wm wm 


From these plots soil samples for our experiments representing an 
average of each foot in depth were obtained from every station, except 
that through oversight no samples from the undisturbed soil at Kansas 
and at Maryland were obtained. The writers avail themselves of the 
opportunity offered in this connection to express their sense of obligation 
to Mr. M. A. Carleton, United States Department of Agriculture, Mr. 
Nickolas Schmitz, Maryland Experiment Station, Mr. F. A. Kiene, Jr., 
Kansas Experiment Station, and Messrs. J. W. Gilmore and B. A. Mad- 
son, of the California Experiment Station, who were instrumental in 
obtaining for them the soil samples from the several stations. It will be 
noted that a study of the samples of soil collected as above could not 
reveal the precise change undergone in seven years by any one soil when 
moved to any other station, because every one of the three soil types must 
have changed in its natural field position to some extent during that per- 
iod. Nevertheless, such change it is only reasonable to assume, must be 
a relatively slight one as compared with that suffered by the same soil 
when removed and placed under totally different climatic conditions. 
Our investigations in any event can not be seriously affected by the con- 
sideration just discussed since it is our chief aim to show how any given 
soil in its natural location compares, after seven years, with itself under 
foreign conditions. Thus, for example, if the California soil at Manhat- 
tan, Kansas, or that at College Park, Maryland, now exhibits character- 
istics different from that now at Davis, California, the difference must be 
almost if not entirely referable to effects of climate. It is of course un- 
fortunate that no detailed studies like ours, except the brief chemical 
studies discussed below, were made at the initiation of the soil exchange 
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experiment so that the data obtained therefrom might be used for com- 
parison with our data. Finally, it must be repeated again at the risk of 
making this statement too prolix that it is possible to compare a given 
soil as it now exists at one station, at which it naturally belongs, with 
similar soil removed seven years ago and maintained during that period 
under other climatic conditions. The only permissible or possible com- 
parison which would reveal the changes in any given soil in its natural 
position in a period of seven years is the one below made on the basis of 
its hydrochloric acid soluble constituents. 

This is so because it is the only kind of study which was carried out 
in 1908 on the soils concerned. Even such a comparison is not without 
its serious drawbacks, since the chemical analysis made in 1908, or soon 
thereafter, was carried out by a different analyst and because the method 
employed was not as detailed nor quite the same as ours, 


THE NAaTuRE AND METHOD OF THE INVESTIGATION. 


For the purpose of obtaining, as nearly as possible, a complete pic- 
ture of the changes occurring in a soil when it is removed from one sta- 
tion to another with different climatic conditions as above explained, it 
was decided to study the important physical, chemical and bacteriological 
characteristics of the soil samples which were collected. The authors 
therefore determined to carry out the following studies, which may be 
supplemented with others later. Studies of the hygroscopic coefficient, 
the moisture equivalent, the wilting point, and changes in color and col- 
loidal nature were among the physical studies made. Among chemical 
studies complete chemical analyses were made in accordance with the 
Official method, also humus and humus nitrogen determinations, total 
nitrogen and soil water-extract studies. Among bacteriological studies 
were: counts on albumen agar, ammonifying power for dried blood, nitri- 
fying power for the soils own nitrogen, for dried blood, for cottonseed 
meal, for sulfate of ammonia, nitrogen fixing power in mannite solution, 
and qualitative tests for cellulose destruction by a method devised by the 
senior author. The results obtained in every class of studies are given in 
detail below, together with detailed descriptions of methods employed as 
deemed necessary. 


DESCRIPTION OF SOILS. 


The soils used in the experiments noted were described by Shaw and 
Walters ° as follows: the California soil as ‘Sacramento silt loam,” the 
Kansas soil as a “dark heavy loam” and the Maryland soil as a “light 
yellow clay.” These terms are of little significance of course, especially 
since the soils have undergone so much change and such different changes 
at different places. So far as one of us knew them however, in the early 
part of the experiment. the California and Kansas soils seemed deserving 
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of names indicating a heavier and more tenacious condition than that in- 
dicated in the names above, and the Maryland soil of a designation indi- 
cating a much lighter condition than that of a clay soil. 


THE PHYSICAL STUDIES. 


The Hygroscopic Coefficient. The method employed in the determin- 
ation of the hygroscopic coefficient was that recommended by Hilgard, 
and the apparatus employed was devised by one of the authors and de- 
scribed elsewhere.* The determination both of the hygroscopic coeffi- 
cient and the moisture equivalent were carried out by Mr. Donald E. 
Martin. The apparatus used for the moisture equivalent determinations 
is owned by the Division of Soil Technology, of the College of Agricul- 
ture of the University of California. We therefore take pleasure in ex- 
pressing to Mr. C. F. Shaw, who allowed the use of his apparatus, and 
to Mr. Martin, who made the determinations, our appreciation of their 
cooperation. Table I gives the results of the hygroscopic moisture de- 
terminations. 


TABLE I. 
HYGROSCOPIC COEFFICIENTS. 


California Soil. Kansas Soil. 7 Maryland Soil. 


Depth. 


{ 


% % % % 
Ist Foot..... .55 4 7 12.12 | ‘ 11.00 
2nd Foot 3 : : 12.42 | oa 11.68 
3rd Foot . a é 11.28 | 10.54 | 11.18 


. 
= 
In Cal. | In Kan. | In Md. | In Cal. |In Kan. | In Md. | In Cal. | In Kan. 
| | 
| 
| 
' 


“Undisturbed” California Soil: 1st ft. 8.86; 2nd ft. 8.79; 3rd ft. 9.27 


The results obtained with the hygroscopic coefficient determinations 
are not very striking. In general, it would appear that the California 
soil decreases in power to absorb hygroscopic moisture when placed 
either under Kansas or under Maryland conditions, but more particularly 
under the latter. In other words, the hygroscopic coefficient of the Cali- 
fornia soil is highest on its “native heath,” as it were. In keeping with 
this general condition appears to be the behavior of the Kansas soil which 
when placed under California conditions increases in hygroscopicity in 
all three feet in depth. When placed under Maryland conditions, how- 
ever, the Kansas soil behaves erractically and shows increase in hygro- 
scopicity in the first and third foot in depth and a decrease in that re- 
spect in the second foot. In the case of the Maryland soil, the results are 
very irregular. Though the tendency seems to be for the Maryland soil 
to take up more hygroscopic moisture in California than in Kansas and 
in the surface foot more in Kansas than in Maryland, the soil in its 
natural location behaves otherwise below the surface. In general, however, 
the Maryland soil manifests a tendency in the same direction as the other 
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two, namely, to increase in hygroscopic power under California condi- 
tions. One would naturally expect that subjection of a soil to increased 
leaching would result in the production of more clay in it and hence ren- 
der it more absorptive for hygroscopic moisture. The opposite, however, 
seems to be true. It seems that the explanation therefore would have to 
be as discussed more in detail below, that under arid conditions less clay 
and more aggregates being formed, the degree of packing is decreased 
and the total surface for hygroscopic moisture absorption is increased. 
THE Moisture EQUIVALENT. 

That the direction taken by the data given for the hygroscopic mois- 
ture coefficients of the soils in question is not purely accidental, is indi- 
cated rather emphatically by the results obtained in determining the mois- 
ture equivalents of the same soils (Table II). It will be noted again 
that the California soil at California is superior to the same soil at Kan- 
sas and at Maryland. In other words, it has a greater power there to re- 
tain moisture. Likewise, the Kansas soil throughout the three-foot depth 
retains about 3 per cent more moisture at California than at Kansas, but 
it also gains slightly in power to retain moisture through its establishment 
at Maryland. The figures for the Maryland soil are again irregular. In 
spite of their irregularity, however, there can be little doubt of the mark- 
ed increase in power to retain moisture acquired by the Maryland soil in 
the seven years of its establishment at Kansas, and though it does not 
gain as much in that respect at California, such gain is none the less 
marked enough to allow of little doubt of its existence. 


TABLE II. 
MOISTURE EQUIVALENTS. 


California Soil. Kansas Soil. Ma arylanc d Soil. 
Depth. ere tee. LOS 
In Cal. | In Kan. | In Md. | In Cal. | In Kan. | In Md. | : Ta: Cc ‘al. | | In Kan. | In Mad. 


| 
% | 4%. |- 99%, | 
| 
| 


% 

21.92 

|} 24.2 6.02 19.37 
29.40 | 29.17 | 9. | 27.38 


% 
1st Foot 24.09 22.32 22.67 32.61 
22.81 22.20 20.32 33.33 30.78 
3rd_ Foot 24.02 24.24 23.53 30.21 27.57 


We have again, therefore and very much more markedly than before 
indirect evidence of increase in total soil surface which attends the place- 
ment for seven years of a soil under drier conditions than those under 
which it naturally belongs. This, it appears to us again, is contrary to 
what one would expect on a priori consideration, but is doubtless to be 
explained by the fact that, in general, drier climates encourage the forma- 
tion of more aggregates in soils and hence permit of a looser structure 
and of a smaller weight of material in a given volume. Therefore, when 
soils are compared by equal weights it follows that more volume, hence 
more internal soil surface, would accompany the looser soil structure and 
that would resulz in a higher moisture equivalent. 
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THE WILTING PoInr. 

The table below which gives the wilting points is merely interesting 
for purposes of a more complete view of the properties of the soils here 
studied. It is not of great significance, or at least is not deserving of 
much discussion since the values therein indicated are obtained by compu- 
tation from the moisture equivalent in accordance with the formula of 
Briggs and Shantz.’ 


TABLE III. 
WILTING POINTS. 


| California Soil. Kansas Soil. Maryland Soil. 


Depth. 
In Kan. In Md. | In Cal. | In Kan. In Cal. In Kan. In Md. 


} 
% % 
13 | ; 17.72 -10 
06 | : 18.11 72 
17 | 12.78 | 16.41 | 14.98 


1st Foot 


*|¢!{ « 
12.83 12.86 | 11.91 
5 13.18 14.14 | 10.52 
15.98 15.85 | 15.84} 14.88 


| 
| 
| 
| 


3rd_ Foot 3. 38. 


OTHER OBSERVATIONS ON THE PHYSICAL CONDITION OF THE SOILS 
STUDIED. 

Color 

Very marked changes take place in the color of a given soil when 
moved from one station to another, even in the short space of seven 
years. Thus the California soil changes from a distinct red brown color 
at California to a darker red brown at Kansas and to a dirty gray at 
Maryland. The three soils which seven years ago were exactly the 
same now show absolutely no similarity in color and as shown below 
very little similarity in many respects. Similarly, the Maryland soil 
changes from a light brown cclor in the surface foot at Maryland, to a 
dark brown in the corresponding depth at Kansas, and to a reddish 
brown color at California. Likewise, the Kansas soil changes in color 
from a deen black brown in the surface soil at Kansas to a light red 
brown at California and to a lighter ashen gray-brown at Maryland. 
-These comparisons are based only on the surface soils in all cases, but the 
differences are so great as to mislead anyone unacquainted with these 
soils into thinking that any one type at the three stations is really not the 
same soil but three totally different soils unrelated to each other. 


Colloidal Content and Volume of Soils 

On this part of the soil studies, only preliminary observations have 
been completed. It appears thus far, that at their respective natural posi- 
tions, the Kansas soil has the most volume per given weight, the Cali- 
fornia soil is second in that respect, and the Maryland soil last, but the 
latter two do not differ very markedly. When any one of these is placed 
elsewhere, however, great changes appear to take place in the volume of a 
given weight thereof even in seven years. The generai tendency in that 
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respect, however, has not been fully emough studied to receive consider- 
ation here. 

In respect to the colloidal fraction of a given weight of these soils 
when diffused in a large volume of water, great changes seem to be in- 
duced through climatic effects. Thus, for example, the Kansas soil at 
California shows much colloidal matter after 24 hours of suspension in 
the first foot, hardly any in the second foot, and none in ihe third foot. 
The same soil at Maryland shows a small amount of colloidal matter in 
suspension in the first foot, very much in the second foot, and almost none 
in the third foot. Again at Kansas the colloidal matter is not very marked 
at any depth, but much more so in the first and second foot than in the 
third. Similarly, as will be shown in a more detailed account to appear 
later, the other soils at different stations behave differently with respect 
to the colloidal matter in them which is capable of being suspended. 


BACTERIOLOGICAL STUDIES. 
‘ Bacterial Counts. 

Counts were made on all of the soil samples immediately after they 
were received. The medium employed was Brown’s albumen agar. The 
figures obtained after the third count were taken as final and the numbers 
calculated for the three dilutions employed were averaged to yield the 
data submitted in Table IV which follows: 

TABLE IV. 


BACTERIAL COUNTS. 
California Soil. 


At California. At Kansas. At Maryland. 
No. per gram soil. No. per gram soil. No. per gram soil, 


| Moulds. Bacteria. | Moulds. Bacteria. | Moulds. 


| 
14,000 | 
20,000 | | 
20,000 | 

| 

| 


Bacteria. 

Series A. 
1st 1,820,000 
169,333 
3rd Foot 108,666 


| 
} 
Series B. 
1st Foot.. 813,333 24,000 | 5,066,666 


2nd Foot.. 414,666 | 4,000 | 2,140,000 
3rd_Foot.. 1,940,000 | 8,000 933,000 


Kansas Soil. 


Ist Foot... 1,506,666 | 4,000 | 5,166,666 | 10,000 | 1,370,000 | 
2nd Foot.. 1,680,000 | 12,000 | 6,100,000 | None | 610,000 | 
3rd_Foot 1,546,666 | _8,000 | 3,050,000 None! 566,666 


Maryland Soil. 


ist Foot. . 6,140,000 | 340,000 | ~— 880,000 | 8,000; 546,000 | 4, 
2nd Foot.. 800,000 | 200,000 , 210,000 6,000 | 400,000 | 
SO Ore 2,000 | 46,000 | _ 190,000 | _ 6,000 | _600,000 | _12,000 


8,000 926,666 


| 
| 
| 
8,000 | 5,466,665 | 
20,000 ' 1,546,666 | 


4,000 


It is clear from the data in the foregoing table that even if allowance 
is made for the very serious errors which creep into work on bacterial 
counts, there is still evidence of the marked effect of climate on the num- 
ber of bacteria in the several soils which will develop colonies on albumen 
agar. The data may be summarized as follows: The California soil in 
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its untouched field condition contains more bacteria in the surface foot 
than the same soil which has been dug up and replaced in its original 
position. In the second and third foot, however, and particularly in the 
latter, there are many more bacteria in the disturbed scil. Removal to, 
and retention for seven years of the California soil at Kansas and at Mary- 
land have been instrumental in multiplying the bacterial numbers six to 
eight-fold in the surface foot of soil, the larger number being found in 
the soil at Maryland. In the second foot, however, the California soil at 
Kansas contains twice as many bacteria as the same soil at Maryland, but 
conditions are again reversed in the third foot. 

Just as the California soil has its bacterial numbers enormously in- 
creased after remaining for seven years either at Kansas or at Maryland, 
the Kansas soil has its numbers reduced in about the same degree under 
similar circumstances as to time when placed either in California or in 
Maryland. The reduction in numbers is only slightly greater at Mary- 
land than at California in the surface foot of soil, but is very markedly 
greater in both the second and the third foot of soil. 

Again the Maryland soil gives unexpected results. The bacterial 
numbers in it increase to the greatest extent noted in all the data above 
submitted when it is placed and remains for some years in California. To 
be sure, this increase is only very marked in the first foot of soil, but it is 
very marked indeed. The number is only doubled in the second foot and 
a very striking decrease, hard to explain, occurs in the third foot. When 
the Maryland soil is placed at Kansas it also shows an increase in num- 
bers in the first foot of soil, but the increase is by no means of the magni- 
tude noted for the same soil at the California station. In the subsoil at 
Kansas, the Maryland soil suffers a marked decrease in numbers. 

In general, therefore, it appears that the bacterial numbers in the 
California soil when placed at Kansas and at Maryland for the period of 
years noted become multiplied by four or five. Second, the bacterial 
numbers of the Kansas soil when placed as described at California or at 
Maryland become divided by four or five. Third, the bacterial numbers 
in the Maryland soil when placed under the conditions and time named 
at California and at Kansas become multiplied by ten in the surface foot 
at the former place, and approximately doubled in the surface soil at the 
latter station. In alphabetical order, therefore, the three different soils 
at California are approximately to one another with respect to bacterial 
numbers as 3 to 5 to 7. At Kansas they are about as 8 to 14 to 1, and at 
Maryland they are as 8 to 2% to 1%, all figures being based on numbers 
of millions of bacteria in 3 gm. of soil representing three feet in depth. 

The figures given for the number of moulds in the several soils may 
scarcely be regarded as significant with one exception, namely, the num- 
ber of moulds in the Maryland soil at California. The cause for this 
sudden increase in the number of moulds under the circumstances noted 
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is probably incapable of being expressed in simple terms. It appears, 
however, that the increased aeration experienced by the Maryland soil 
at California may have been an important factor in developing inert fun- 
gal spores contained in it in large numbers. 


THE AMMONIFICATION STUDIES. 

The method employed in the ammonification work was the one in use 
by most soil bacteriologists to-day and consisted in mixing 50 gm. of soil 
with 2 per cent of dried blood, adding the necessary water and incuba- 
, ting for one week. The ammonia was distilled off in the usual way and 
“titrated. Owi ing to the small amount of soil available no other forms of 
organic nitrogen were tested for ammonifiability in these soils. 


TABLE V. 
AMMONIFICATION OF DRIED BLOOD NITROGEN. 
California Soil, 


In California. In Kansas, | In Maryland. 
Mg.N| %N |Mg.N| %N |Mg.N| %N 
c.c. acid |ammoni- |ammoni- | c. c. acid |ammoni-|ammoni- | c.c. acid | ammoni- |ammoni- 
fied. fied. } fied. | fied. | fied. | fied. 
Undisturbed | ! | | 
Check Soil. | | i | | | 
ee See 26.5.1 37.10 30.16 | | | | | 
2nd Foot..... 28.2} 39.48 32.09 | | | | 
3rd Foot..... 14.4 | 20.16 16.39 | | | 
Disturbed Soil | | 
ist Foot..... 28.1 | 39.34 31.98 38.9 | 54.46 | 44.27 | 27:9 | 39.06 | 31.75 
2nd Foot..... 18.8 | 26.32} 21.39 23.0 | 32.20 | 26.17 | 22:3 1 36:94 1 25.38 
3rd_Foot..... 16.2 | 22.68 | 18.43 | 17.3 | 24.22] 19.68 | 18.3 | 25.62 | 20.82 
Kansas Soil. 
25.83 | 31.1 | 43.54} 35.39 | 30.5 | 42.70 | 34.71 
26.52 | 28.2 | 39.48 | 32.09 | 24.8 | 34.72 | 28.22 
32.55 | 23.2 | 32.48 | 26.40 | 20.6 | 28.84] 23.44 
Maryland Soil, 
Ist Foot..... | 27.2 | 38.08 | 30.95 34.3 | 48.02 | 39.04 | 29.7] 41.58] 33.80 
2nd Foot..... | 22.4.) 31.30 1 25.49 21.5 | 30.10 | 24.47 | 20.5 | 28.70 | 23.33 
3rd_Foot..... | _20.2 | 28.28 | 22.99 | 19.2 | 26.88] 21.85 | 19.1] 26.74] 21.74 


A study of Table V, which sets forth the ammonification data which 
the authors obtained, reveals most strikingly of all the investigations thus 
far reported in this paper how significant a role is played by climate as 
a determinant of soil flora. We see first on studying the data more closely 
that by merely disturbing the California soil at its own natural location 
and replacing it no very profound changes are effected. Nevertheless 
such procedure does slightly increase the ammonifying power of the sur- 
face foot of soil and rather markedly decreases it for the second foot. 
The third foot gains slightly in ammonia producing power by being mov- 
ed and replaced. When we now consider the effects on the ammonifying 
power of the California soil of seven years of exposure under California, 
Kansas and Maryland conditions respectively, we find them to be on the 
whole much more profound than those heretofore discussed. Thus con- 
trasting the ammonifying power of the California soil similarly treated at 
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California and Kansas we find it to be very considerably larger at the 
latter location—indeed to the extent of being capable of rendering about 
44 as against about 31 per cent of the nitrogen in dried blood into am- 
monia. The same climatic effects which have been instrumental in caus- 
ing such a striking change in the ammonifying power of the first foot of 
the California soil at Kansas have extended their influence even into the 
second and third feet of the same soil at the same location. Thus the 
second foot renders over 5 per cent more and the third foot over 1 per 
cent more of the nitrogen supplied in the 2 per cent of dried blood into 
ammonia than do similar depths of the same soil which is located at Cali- 
fornia. In the case of the California soil which is installed at Maryland, 
however, we find relatively little difference in ammonifying power from 
that characteristic of the same soil in its natural location. Moreover, 
such differences as have made themselves apparent can be noted only in 
the second and in the third foot of the soil which resembles very closely 
in ammonifying power the corresponding depths of the same soil at 
Kansas. 

Considering now the Kansas soil we find it to be a vigorous ammoni- 
fying soil in all three depths at Kansas. When, however, it is allowed to 
remain as above indicated for seven years at California, it loses marked- 
ly in ammonifying power in both the first and second foot of soil, 
though it gains in that respect in the third foot. The loss in ammonify- 
ing power suffered by the first foot of soil is not quite so great as the 
gain in that direction accruing to the California soil when similarly placed 
at Kansas, but is nevertheless decidedly of the same order of magnitude. 
Thus about 10 per cent more of the nitrogen in dried blood is ammoni- 
fied in the Kansas soil at Kansas than in that at California; about 5 per 
cent more is thus transformed in the second foot of the Kansas soil at 
its natural location than at California. When however, the Kansas soil 
is placed at Maryland as explained, it suffers little modification in am- 
monifying power, if any, in the surface foot of soil, but does lose in that 
respect in the second and third foot. 

In the case of the Maryland soil we are permitted again to gain an 
insight into the superiority of Kansas climatic conditions for increasing 
the ammonifying power of a soil over those of California and Maryland. 
Thus while at its natural location the Maryland soil is slightly inferior to 
the Kansas soil in ammonifying power, absolutely speaking, it becomes 
very considerably superior to it in that respect when placed at Kansas 
under the conditions noted. Even in the subsoil the ammonifying power 
of the Maryland soil is improved by its transfer to Kansas. When, how- 
ever, the Maryland soil is placed at California, like the Kansas soil at the 
latter place, it loses in ammonifying power in the surface, though less 
slightly, and only in the surface soil. In the subsoil, it gains slightly in 
ammonifying power. 
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Studying now all of the figures in Table V, in the more absolute sense 
we find that the highest ammonifying efficiency attained by any of the 
soils there described is that of the California soil at Kansas and the 
Maryland soi! at Kansas is second, when the surface foot of soil alone:is 
considered. When the three-foot column of soil is considered, the Kan- 
sas soil at Kansas stands first in ammonifying efficiency and the Cali- 
fornia soil at Kansas second. Therefore, when the first foot alone is 
considered the Kansas soil at Kansas stands third and when the three- 
foot column is considered, the Maryland soil stands last. 

At California the California soil is the most efficient ammonifier of 
dried blood nitrogen in the surface foot, but the Maryland soil at the 
same place is a close second with the Kansas soil decidedly behind. 
When, however, the three-foot column is considered the Kansas soil is 
first at California as it is at Kansas in ammonifying power, the Mary- 
land soil is second, and the California soil is last. 

At Maryland the Kansas soil is first in ammonifying efficiency in the 
first foot, the Maryland soil is second and the California soil last. The 
differences between the soils are here less marked, however, than at other 
places as above discussed. When the three-foot columns at Maryland 
are considered by averages the Kansas soil is first in ammonifying effi- 
‘ciency as it is at both California and Kansas, the Maryland soil is sec- 
ond and the California soil is last. In this respect therefore the three 
soils occupy similar relative positions to each other, both in California 
and in Maryland, and with one change for second place are also simi- 
larly situated at Kansas. 


THE NITRIFICATION STUDIES. 


The method employed in the nitrification studies is one which the 
senior author, in common with other investigators, has employed for 
several years. Briefly, it consists in studying the nitrifying power of 100 
gm. of soil for a given form of nitrogen at an incubator temperature of 
about 28° C. during a period of about four weeks. In this case, however, 
the tests were more elaborate than usual, since four forms of nitrogen 
were employed, namely, the soil’s own nitrogen (nitrogen in the untreated 
soil), cottonseed meal, sulfate of ammonia, and dried blood. In the first 
case 100 gm. of the air-dry soil were placed in a tumbler, enough water 
added to make as nearly as possible optimum moisture conditions, the 
whole thoroughly stirred, the tumbler covered with a Petri dish cover, 
and incubated as above indicated. In the case of the cottonseed meal the 
procedure differed from that just given only in that 1 per cent of cot- 
tonseed meal was thoroughly stirred into the soil in its dry condition be- 
fore water was added. The dried blood cultures were similarly treated 
to the cottonseed meal culture, but in the case of sulfate of ammonia not 
1 per cent but .2 per cent of the latter was added to the soil in solution 
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and the water content made up as described in the other cases. The re- 
sults obtained showing the number of milligrams of nitrate nitrogen pro- 
duced (net) in the four week’s incubation period, together with the per- 
centage of the total nitrogen present in the soil or the fertilizer, rendered 
into nitrate in every case, are set forth in Table VI which follows. 


TABLE VI. 
CALIFORNIA SOIL.—NITRIFICATION. 
In California, Series A (Undisturbed Soil). 


| Soil Nitrogen. | Cottonseed Meal. | Sul. of Ammo’ia. | Dried Blood. 
1 | i) 
Mg.N{| %N |MgeN{ %N |Mg.N| &@N |Mg.N| @N 
nitri- nitri- nitri- | nitri- | nitri- | nitri- | nitri- | nitri- 
fied. | fied. | fie | fied. | fied. | fied. | fied. | fied. 
oS a eR 5.80 | 12.00 | 8.20| 29.80 | 4.40| 20.95 | 24.80| 38.15 
DUNNE. cos cc cecss | 3.83] 9.11 7.83 | 28.46 | 2.83 | 13.49 | 11.83 | 18.20 
OT oer 95 | 2.61 | 5.35 | 19.44 | 3.55 | 16.95 | 14.85 | 22.84 
In California, Series B (Disturbed Soil). 
Pag eae 4.78 | 9.88 9.78 | 35.56 | 5.08| 24.19 | 16.78] 25.81 
PRADO. 5 ocncesce 3.90 | 9.60 1a Seas 4.30 | 20.47 16.90 | 26.00 
eS ee 2.91 | 8.66 §.91 | 21.12 | 5.91 | 28.14 15.91 | 24.47 
In Kansas. 
oe ee 4.64 | 10.35 | 19.64 | 71.41 2.24 | 10.66 | 52 80 
Bae Mie... 55655005 3.70 | 10.36 | 12.70] 46.18 1.46| 6.95 | 1.10 1.53 
= eae 2.50| 8.71 | 14.70] 53.45 1246.1). 962951]. 5250 77 
In Maryland. 
PE ae | 4.79 | 10.36 12.79 | 46.50 3.29 |. 15.66 79:1. 1521 
2nd Foot............ 2.45] 7.44 | 14.85] 54.00 | 2.25 | 1 15 | 23 
DANO i eau ssicance 2.72 | 8.44 13.92 | 50.61 1.92] 9.14 .02 | Trace 
KANSAS SOIL.—NITRIFICATION. 
In California, 
SE DNES cosi asses st 4.331 6.72 13.93 | 50.65 | 19.93 | 94.90 | 23.93 | 36.81 
TS eae | 3.05| 6.91 13.85 | 50.36 | 21.85 | 100.40 | 20.85 | 32.07 
RECRUIT 5s ow oe er Sh eee 19.70 | 71.63 | 21.70 | 100.30 8.70 | 11.84 
In Kansas. 
SUR. ...c.ccos.) Sued] 8306 1 24.90} 895811 3: | =e | 20.70 | 31.84 
eS See | £204 8395 21.60 | 78.54 | 5.60 | 26.66 4.10 | 6.30 
ee 2.15 | 7.48 | 22.65 | 82.36 | 14.65] 69.76 | 2.05] 3.15 
In Maryland, 
Rareioatc onesie os © | 5.86| 9.73 | 24.86] 90.40 | 3.86] 18.38 | 3.66] 5.58 
0 eee | 5.291 12:38 | 22:89 $3.23 ] 5.39 | 25.66 | .89 | 1.36 
“= eee | 3.93 | 11.22 | 19.93 | 72.47 | 4.43 | 21.09 .33 | 51 
MARYLAND SOIL.—NITRIFICATION. 
In California. 
= ea 7.20 | 11.82 | 29.60] 100.76 | 2.60] 12.38 | 15.60 | 24.00. 
SS aa | .90 | 2.76 | .65 2.36 | 1.90] 9.04 | 20.90] 32.15 
SE ae oe es oe ee ey ae 1.60 | 2.46 
In Kansas. 
ha Se 8.20 | 14.82 | 26.00| 94.54] —. |} 4.00] 6.15 
Bind Moot...s..<..s0.4 4.90] 15:21 | | 1.30 4.72 | —. | A kc 
eee et ae See Et Ok ee ie Sey ee hy ee 
In Maryland. 
Seay 7.78 | 15.65 i el eh ae a= aes 
err eT .93 | 3.24 -03 | Trace a Se 
SS eae £0.14 2.34 | Ate Oe TS 2k Te ae sie ee 
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The data submitted in the foregoing table are deeply interesting. They 
indicate very emphatically that climate plays a most significant rdle in 
determining the nitrifying powers of surface soils and of subsoils. They 
also show that the rdle thus played by climate may be in increasing or in 
diminishing a soil’s nitrifying power by any given change in climate, de- 
pending upon the form and quantity of nitrogen which is being nitrified. 


The California Soil—The Soil’s Own Nitrogen. 


Considering now in more detail data with reference to which the 
foregoing general statement is made, it is found first that while the dis- 
turbance and replacement of the California soil at California has caused 
a loss in the nitrifying power for its own nitrogen of the surface foot, it 
has caused a gain in that respect in the third foot; and the net result 
owing to the soil’s disturbance is a considerable gain in the amount of 
nitrogen transformed into nitrate in three feet of soil. But even such 
improvement which probably results from increased aeration of the Cali- 
fornia soil at its own location is not as efficient in the respect noted as 
the establishment of the California soil at Kansas. At the latter place 
the California soil not only improves in nitrifying power in the sub-soil, 
but also surpasses its own record in the two surface feet of soil. At 
Maryland, however, while the nitrifying power of the surface foot of 
California soil is equal to that at Kansas, the second foot is considerably 
inferior to that of the same soil at the latter place. When, therefore, the 
three-foot columns of the California soil at the three stations are com- 
pared, that at Kansas is first, that at California second, and that at Mary- 
land third in nitrifying power for the soil’s own nitrogen. When, instead 
of comparing these soils on the basis of the percentage of nitrogen trans- 
formed into nitrate, we compare them on the basis of the absolute 
amounts of nitrate produced, the California soil at California stands first, 
that at Kansas is second, and that of Maryland is again third. 


Cottonseed Meal Nitrogen. 

The improvement wrought by the disturbance and hence aeration of 
the California soil at California, so far as its nitrifying power for its own 
nitrogen is concerned, is only intensified when its power to transform 
cottonseed meal nitrogen into nitrate is in view. This is true on the 
basis of the absolute amounts of nittrate produced as well as on that of 
the percentage of the total nitrogen in the cottonseed meal which is ren- 
dered into nitrate. Distinct as it appears to us to be, however, this de- 
gree of improvement in the direction noted in the California soil is great- 
ly surpassed when compared with the improvement, both absolute and 
relative, which is induced by the establishment of the California soi! at 
Kansas for the period here under consideration. The nitrifying power 
for cottonseed meal nitrogen of the California soil is so greatly improved 
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at Kansas that it transforms over 71 per cent of the total nitrogen in 
the cottonseed meal into nitrate in the surface foot of soil. This is 
among the most efficient transformations of cottonseed meal nitrogen 
noted by the writers in their nitrification work. When placed at Mary- 
land, the California soil again gains very markedly in nitrifying power 
for cottonseed meal nitrogen, though not so markedly as it does at Kan- 
sas. 

On the basis therefore of its power to render cottonseed meal nitro- 
gen into nitrate, the California soil is to be appraised as follows: 1st at 
Kansas, 2nd at Maryland, 3rd at California. 


Sulfate of Ammonia Nitrogen. 

The disturbance of the California soil at California is instrumental 
even more markedly than in the case of cottonseed meal nitrogen in in- 
creasing its power to produce nitrate from sulfate of ammonia nitrogen 
in the third foot of soil. In striking contrast with the case of cotton- 
seed meal nitrogen, however, the California soil when established at 
Kansas or at Maryland so far from gaining enormously in power to 
nitrify sulfate of ammonia nitrogen actually loses markedly in that re- 
spect at both places and particularly enough more markedly at Kansas 
than at Maryland. In other words, when sulfate of ammonia nitrogen is 
involved the nitrifying power of the same soil at the three different sta- 
tions is in the following order the most efficient being placed first: Ist 
California soil at California, 2nd at Maryland, 3rd at Kansas. 


Dried Blood Nitrogen. 

When dried blood nitrogen is the form employed to test the soil’s 
nitrifying power enormous changes, perhaps the most striking of all, are 
indicated by the removal of the soil to Kansas and to Maryland. Such 
changes are in the opposite direction to that noted in the case of the cot- 
tonseed meal nitrogen. Thus the California soil which when disturbed 
and aerated at California changes in nitrifying power for dried blood 
nitrogen much as it does for its own nitrogen there, still shows a good 
nitrifying power in either case. When, however, it is established at 
Kansas or at Maryland it almost loses in its entirety its power to nitrify 
dried blood nitrogen when the latter is employed in the quantity noted 
for the nitrification tests. 

NITRIFICATION STUDIES—Kawnsas SOIL. 
The Soil’s Own Nitrogen. 

When placed at California the Kansas soil loses decidedly in nitrify- 
ing power for its own nitrogen, but when placed at Maryland it gains in 
that respect even more decidedly. This is just as true for the whole 
three-foot soil column as it is for any given sample. That the first 
should occur is intelligible to us and reasonably explicable on the basis 
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of changes in the organic matter content of the soil transported from 
Kansas to California. It is not clear how the latter occurs, however, un- 
less we assume, which perhaps is true, that more organic matter has ac- 
cumulated in the Kansas soil at Maryland than at its natural location. 
When, therefore, the California soil in three-foot columns is compared 
with the Kansas soil it is found that the former loses somewhat on the 
basis of absolute amounts of nitrates produced by being moved either to 
Kansas or to Maryland. The latter however, is improved markedly by 
its sojourn in Maryland and loses decidedly at California. In other 
words, climate does not seem to operate in the same direction, since the 
climate under which the California soil is most efficient as a nitrifier of 
its own nitrogen is the one under which in seven years the Kansas 
soil is rendered least efficient as among the three locations under which 
it was tested. Again, the California soil is least efficient in the direction 
noted under Maryland conditions, yet it appears that, of the three studied, 
the latter are the most propitious for the Kansas soil. 


Cottonseed Meal Nitrogen. 

Cottonseed meal nitrogen seems to be affected in a manner similar to 
that of the soil’s own nitrogen in the Kansas soil, but differences in de- 
gree are decidedly apparent. Thus while the Kansas soil when placed at 
Maryland is perhaps slightly superior in nitrifying power to itself when 
allowed to remain in Kansas, such superiority is very slight. On the 
other hand, as a nitrifier of cottonseed meal nitrogen, the Kansas soil at 
California is decidedly inferior to that at Maryland or at Kansas. Both 
the absolute and relative amounts of nitrates produced from cottonseed 
meal nitrogen are especially worthy of note as indicating the high avail- 
ability of the latter in that soil. 


Sulfate of Ammonia Nitrogen. 

The most noteworthy and only really remarkable figures obtained for 
the nitrification of sulfate of ammonia nitrogen were obtained with the 
Kansas soil at California. The absolute amounts of nitrates produced 
were so large as to indicate, if the soil nitrogen were not involved, an 
almost complete transformation of the ammonia nitrogen added into 
nitrate in the whole three-foot columns. The figures given there as well 
as in one or two other places in the table which show more than 100 per 
cent availability of nitrogen are of course to be explained on the basis 
of a nitrification of the soil nitrogen plus the added ammonia nitrogen. 
Since such a sum is usually an algebraic one, it may readily be inferred 
that even more nitrates may have been produced in the cultures con- 
cerned and again lost sometime during the incubation period. Briefly, 
therefore, as the table indicates and just contrary to the cases of the 
soil’s nitrogen and that of the cottonseed meal, the Kansas soil gains very 
markedly in nitrifying power for sulfate of ammonia nitrogen by being 
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placed at California. In the third foot, however, while the Kansas soil 
at California is still far superior to that at Kansas in the direction noted, 
the latter shows great activity. At Maryland, however, the Kansas soil 
is even a relatively less efficient nitrifier of sulfate of ammonia nitrogen 
than at Kansas, and in the third foot decidedly less so. 


Dried Blood Nitrogen. 


In respect to dried blood nitrogen, the Kansas soil, as to location, acts 
in a manner similar to its action with sulfate of ammonia nitrogen. In 
other words, it nitrifies blood nitrogen more efficiently at California than 
it does at its own natural location in the whole three-foot column, but 
particularly in the subsoil. On the other hand, when it is moved to Mary- 
land it loses, even more strikingly than in the case of sulfate of ammonia 
nitrogen, its power to produce nitrates from dried blood nitrogen. At 
the latter place, indeed, its nitrifying power for dried blood nitrogen is 
feeble in the surface foot of soil and almost nil below. 


NITRIFICATION STUDIES—MARYLAND SOIL. ' 
The Soil’s Own Nitrogen. 


The table above submitted indicates that there can be no question 
about the profound effect of the Kansas climate on the nitrifying power 
of the Maryland soil for its own nitrogen, particularly so far as the sub- 
soil is concerned. Thus of the total nitrogen found in the three-foot 
column of the Maryland soil at Kansas, over 37 per cent is nitrified, 
whereas of the total nitrogen in the same soil at Maryland (its natural 
location) only about 21 per cent is nitrified. At California, on the other 
hand, the nitrifying power of the Maryland soil remains practically un- 
changed, from its condition at Maryland. The surface soil does seem to 
lose in nitrifying power slightly, but no conclusions may he drawn from 
that fact. 

It is to be particularly remarked here, however, that the nitrogen of 
the Maryland soil is far more readily nitrified than that of the Kansas 
and California soils, even though we are obliged to draw this conclusion 
from the data for the surface foot of soil only. 


Cottonseed Meal Nitrogen. 

Unlike the Kansas and the California soils, the Maryland soil does not 
show parallelism in general direction between its power to nitrify cotton- 
seed meal nitrogen and its own nitrogen. Thus at California the Mary- 
land soil nitrifies cotton seed meal nitrogen more efficiently than at Kan- 
sas, and does nearly three times as well at the first mentioned place as it 
does at its natural location in Maryland. It is worthy of note also that 
while the soil’s own nitrogen in the Maryland soil at Kansas is readily 
nitrified in the subsoil, the same soil from the same place shows only a 
feeble nitrifying power for cottonseed meal nitrogen, despite the fact that 
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the latter nitrifies very much better than the soil nitrogen in the first foot 
of soil. It is further to be remarked that the maximum absolute amount of 
nitrate obtained in any of the cultures reported in the foregoing table 
was obtained in the Maryland soil at California, and that at Kansas was 
a close second. These records are, to be sure, made only in the first foot 
of soil. We may also add that the percentage of total nitrogen trans- 
formed in the two record cultures referred to are above 100 per cent 
and above 94 per cent respectively. These figures are of course some- 
what exaggerated since they represent nitrates produced from the soil 
nitrogen as well as that from cottonseed meal nitrogen, but the latter 
alone was used in the calculation above made. The reason as explained 
above for not subtracting the amount of nitrate produced from the soil 
nitrogen from the total obtained in the cottonseed meal cultures is that 
the latter amount represents the algebraic and not the arithmetical sum 
of nitrification activities in those cultures. For the first time among all 
the cultures discussed in the nitrification studies we are confronted by a 
subsoil in the Maryland soil at all stations which is either very feeble in 
nitrifying power or possesses none at all for cottonseed meal nitrogen. 


Sulfate of Ammonia Nitrogen. 

Among the most striking results obtained with the Maryland soil are 
the nitrification figures for sulfate of ammonia nitrogen. Not only is the 
Maryland soil at both Maryland and Kansas incapable of nitrifying sul- 
fate of ammonia nitrogen in the quantity used, but the addition of sul- 
fate of ammonia actually causes a loss of the nitrate nitrogen initially con- 
tained in the soil. At California, on the other hand, the Maryland soil 
has evidently become so changed in seven years as to be capable of nitri- 
fying sulfate of ammonia nitrogen in both the first and second feet, 
though losing nitrates as in the other cases, in the third foot. The abso- 
lute and relative magnitude of the transformation of the ammonia nitro- 
gen in question into nitrate in the Maryland soil at California is approxi- 
mately that of the California soil at Kansas, and considering the first two 
feet of soil alone is probably slightly better. The acid condition of the 
Maryland soil is probably chiefly responsible for its behavior with re- 
spect to sulfate of ammonia. 


Dried Blood Nitrogen. 

At Kansas and at its natural location the Maryland soil behaves with 
respect to dried blood nitrogen very much as it does toward sulfate of 
ammonia nitrogen, except that it does nitrify the former to some extent 
in soil from the first foot at Kansas. Likewise, at California there is a 
similar behavior, in kind between the Maryland soil with blood nitrogen 
and ammonia nitrogen. In degree, however, there is a marked difference, 
the blood nitrogen being much more vigorously nitrified in the first two 
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feet of soil than the sulfate of ammonia nitrogen and even in the third 
foot of soil it is appreciably nitrified. So far as dried blood nitrogen is 
concerned, therefore, the Maryland soil is clearly improved in the first 
foot in nitrifying pover by being placed at Kansas, and very markedly 
improved in the whole soil column in that respect by being placed for the 
same period of seven years at California. The possible causes of the 
non-nitrification of blood nitrogen in the Maryland soil at some places 
and its ready nitrification in other places are discussed elsewhere in this 
paper. 
MANNITE SOLUTION AND NITROGEN FixaTION STUDIES. 


Owing to the small quantity of soil available we were compelled to 
use the mannite solution method for determining the nitrogen fixing 
powers of the soil. It is of course regrettable that the soil itself could 
not be employed as a medium, as was the case in other tests above noted. 
The data obtained, however, are very interesting and the method em- 
ployed, while defective in some respects, is valuable in that the Azotobac- 
ter and other bacterial forms involved could be studied more in detail 
thereby, as the descriptions below indicate. The cultures which were in- 
cubated for two weeks were prepared by inoculating 5 gm. of the soil to 
be tested into 50 c.c. mannite solution. The nitrogen determinations were 


made by the modified Gunning method in use in this laboratory and a 
description of it may be found elsewhere.* The results of the observa- 
tions made after one and after two weeks’ incubation on every culture 
were as follows: 


CALIFORNIA SOIL. 
“Undisturbed.” 
First Foot. Butyric odor, very few azotobacter cells visible under micro- 
scope. Gas formation marked. Membrane slow to develop. 
Same after two weeks. 


Second Foot. Slightly esteric odor, good azotobacter development. Gas forma- 
tion marked. Membrane thin, mucilaginous. Same after 
two weeks. 


Third Foot. Odor more markedly esteric than that of second foot. A few 
azotobacter cells. Membrane slight. Gas formation marked. 
Same after two weeks. 


Disturbed. 


First Foot. Fairly strong esteric odor, also slightly butyric. A few azoto- 
bacter cells. Membrane slow to develop. Gas formation 
marked. Same after two weeks, but less cells. 


Second Foot. Esteric odor. Few azotobacter cells. Slight membrane. Gas 
formation marked. Same after two weeks. 


Third Foot. Odor same as above. Membrane very heavy and mucilaginous. 
Azotobacter numerous. Gas production marked. 
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At Kansas. 
First Foot. 


Second Foot. 


Third Foot. 


At Maryland. 
First Foot. 


Second Foot. 


Third Foot. 


At California. 
First Foot. 


Second Foot. 


Third Foot. 


At Kansas. 
First Foot. 


Second Foot. 


Third Foot. 


At Maryland. 
First Foot. 


Second Foot. 


Third Foot. 


Slightly fetid, also esteric odor. Heavy membrane, granular. 
Little, if any, gas formation. A. chroococcum very plentiful. 
Pigment marked, brown-gray; same after two weeks, but 
deeper color. 


Odor same as above. Membrane not granular but continuous, 
dark, silver gray pigment. Very little A. chroococcum, if 
any, visible. Other azotobacter forms. Gas formation same 
as above. Same after two weeks. 


Odor same as above. Membrane same as first foot, but pigment 
light silver gray. A. chroococcum as in first foot. Gas for- 
mation same. Same after two weeks. 


Fetid odor almost masks strong butyric odor. Heavy membrane. 
Pigment brownish gray. Very little gas formation. 
chroococcum not as numerous as in same soil at Kansas. 
Other azotobacter forms numerous. Same after two weeks, 
except pigment dark brown to black. 


Same odor as first foot. Membrane same but pigment silver 
gray. Almost no gas. Azotobacter forms as in first foot. 
Same after two weeks. 


Odor and membrane as in first foot. Pigment, however, is yel- 
lowish. Heavy gas formation. Azotobacter as in first foot. 
Same after two weeks. 


Kansas Sol. 
Mild esteric odor. Many azotobacter cells, but no membrane. 
Gas production marked. Same after two weeks. 


Mild esteric odor. Very many azotobacter cells, but no mem- 
brane. Gas production marked. Same after two weeks. 


Mild esteric odor. Only few azotobacter cells. No membrane. 
Gas production marked. Same after two weeks. 


Decidedly fetid odor. Good membrane. Pigment none, but gray 
color. Moulds present on membrane. No gas. Same after 
two weeks, except odor not so strong, much more mould 
and blue to purple color appearing. 


Strong, pleasant, esteric odor. Membrane same as in first foot, 
Azotobacter present in both. Color light silver gray. No 
pigment. No gas. No mould. Same after two weeks. 


Same as second foot, but color is yellowish gray. No mould. 


Fruit and nut odor. Very heavy membrane. No gas. Several 
species of Azotobacter appear to be present. Much mucilagi- 
nous material in membrane. Slightly dark pigment after 
two weeks. 


Same as first foot except distinct azotobacter species appear to 
be present in addition. Not as much mucilaginous material 
in membrane. Odor weaker. After two weeks very dark 
pigment. 

Same as first foot, but gas present and pigment more marked. 
After two weeks gas has disappeared and moulds appearing. 
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MARYLAND SOIL. 
At California. 


First Foot. Strong butyric odor. Clostridium plentiful, but no Azotobacter. 
Membrane superimposed on gas bubbles made up of fungus 
mycelium. Same after two wecks. 


Second Foot. Weak esteric odor. Clostridium present, but no Azotobacter. 
Membrane superimposed on gas bubbles, as in first foot. 
Same after two weeks. 


Third Foot. Weak esteric odor. Clostridium found, but no Azotobacter. 
Heavy mould membrane. Same after two weeks. 


At Kansas. 


First Foot. Butyric odor. No membrane. Gas formation plentiful. No 
moulds. No azotobacter forms visible. After two weeks 
the same, except a few cells found which resemble Azoto- 
bacter. 


Second Foot. Odor somewhat esteric, but different from any thus far noted. 
Less marked gas formation than above. No Azotobacter. 
No moulds. After two weeks odor changed to that of mer- 
captan. Heavy algal growth also has eee. 

Third Foot. Much the same throughout as second foot. 


At Maryland. 


First Foot. Strong butyric odor. Clostridium forms plentiful. No mem- 
brane. Fair gas production. A few cells resembling Azo- 
tobacter. No pigment. No color. After two weeks a little 
more gas formation, but otherwise the same. 


Second Foot. Same as first foot, except bacteria more numerous and show 
more activity. 


Third Foot. Same as first foot. 


THE NITROGEN FIxaTion Data. 

Before discussing the actual and probable significance of the data on 
the mannite solution cultures which are above set forth it may be well 
to consider the data obtained with the same culture as regards nitrogen 
fixation. The nitrogen was determined as above stated after the two 
weeks’ incubation period and the amounts of nitrogen found in the cul- 
tures as well as that actually fixed from the atmosphere are given in 
Table VII which follows. 


It is interesting to note by way of general correlation of the chemi- 
cal data with the microscopic and macroscopic observations on the man- 
nite solution cultures, that a parallelism exists between the magnitude of 
the amounts of nitrogen fixed and the presence or absence of Azotobac- 
ter. Very vigorous azotobacter membrane development is always ac- 
companied by high nitrogen fixation. Per contra, slight membrane form- 
ation or relative scarcity of azotobacter cells is always associated with 
low nitrogen fixation. Nevertheless, even the total absence of azotobac- 
ter organisms as is clearly brought out above does not prevent the soil 
from fixing nitrogen, though the amounts fixed may be much smaller 
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than is the case in the presence of those organisms. This observation is 
in harmony with a similar one previously made by the senior author in 
other mannite solution studies. Not only the presence of Azotobacter, 
but also the thickness of the membrane, and the rapidity of its develop- 
ment are excellent indicators of the degree of nitrogen fixation. 


TABLE VII. 
NITROGEN FIXATION IN MANNITE SOLUTION. 
California Soil (Disturbed). 


In Maryland. ; 


In California. In Kansas. 
| Mg. N | Mg. N | Mg. N 
Mg. N | fixed Mg. N | fixed Mg. N | fixed 
found |per gram] found |per gram] found |per gram 
| mannite mannite | mannite 
MN de aunt esl, Gada wie Sadat ot 8.82 | 3.92 | 14.28 | 9.80 | 14.28| 9.66 
I 2c crs Saiolican a tears dis Acne eee 8.54 4.48 12.04 8.54 12.32 | 9.10 
I echt cic lonideacees ime 8.54 | 5.18 | 13.58] 10.78 | 12.88] 9.66 
Undisturbed. | | | 
BS Ors vic oi se cle we anicjinn wt eseaescs eee 8.96 | 4.20 | | 
CITED Te 2 SOR ig le 8 Se iil OC GES pay 9.38 | 5.18 | 
BEE POOL oi5is 5:04 0,010 vivo wisicie’s sora eisleaisisieley __ 7.841 4.20 | | 
Kansas Soil. 
TST, a ye ene 6.58 | 14 | 16.94] 9.94 | 16.66] 10.64 
BE os cic give tienen chee iene wie aes 8.40 4.06 | 13.16 | 8.54 14.98 | 10.64 
3 Ee eE 10.50 | 7.28 | 11.90] 9.10 | 13.02] 9.52_ 
Maryland Soil, 
NRCIROGL Sos cts chee eee ena eee 9.52| 3.50 | 8.96] 3.50 bet EE: 
GHMOBE ca ccicisiss sca sisicisa eee ase atic | 6.44] 3.22 7.56] 4.34 | 8.12 5.32 
9 RRR BREE | 6.30| 3.08 | 7.28| 4.20 | 6.16| 3.36 


When more specifically discussed, the data submitted offer numerous 
points of interest. The disturbance of the California soil without any 
other modification reduces nitrogen fixation and azotobacter development 
in the first and second foot and increases it in the third foot. Removal 
of the California soil to Kansas increases the vigor of the azotobacter 
flora and especially that of A. chroococcum and increases the nitrogen 
fixation by 50 per cent of that attained by the same soil at California. 
Removal of the California soil to Maryland is nearly, if not quite, as effi- 
cacious a measure for invigorating the azotobacter flora and increasing 
nitrogen fixation as the removal of the soil to Kansas. 

The Kansas soil at Kansas shows a vigorous azotobacter flora and 
gives evidence of vigorous nitrogen fixing power. With the exception of 
of the third foot which does not fix as much nitrogen, the Kansas soil at 
Kansas is about equally good at nitrogen fixation with the California soil 
at Kansas. When, however, the Kansas soil is removed to California and 
remains there as observed, it loses its power to produce a membrane in 
mannite solution, the azotobacter flora become rather feeble and the num- 
ber of cells few and nitrogen fixation power is reduced to almost nothing 
in the first foot, by more than 50 per cent in the second foot, and by 
about 20 per cent in the third foot. These data were so striking that the 
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cultures were repeated with new soil obtained from the same plots. Simi- 
lar results were obtained and they differed only in that the first foot fixed 
.70 mg. instead of .14 mg. nitrogen, and in that membranes were formed 
in the second and third foot and nitrogen fixation was correspondingly 
increased there. Even in this more favorable series of cultures the fix- 
ation of nitrogen was very much lower in the Kansas soil at California 
than in that at Kansas. Since the second set of samples was taken at a 
different season the results therewith are not strictly comparable with 
those above submitted, and they are therefore not given here. Removal 
of the Kansas soil to Maryland so far from inducing deterioration and 
enfeeblement of the azotobacter flora as was the case in removing that 
soil to California, actually increases the vigor of those organisms and 
conduces to the fixation of more nitrogen than that accomplished by that 
soil at its home location. Indeed, the greatest fixation of nitrogen in any 
of the cultures is accomplished by the Kansas soil at Maryland when the 
whole three-foot column is considered. The cause for the behavior of the 
Kansas soil at Maryland is not easy to discover. It is probably to be 
found in some of the intricate relationships induced in soils by climate 
which will be discussed, in general, below. 

The Maryland soil at Maryland has a slightly higher nitrogen fixing 
power than the California soil at California, despite the fact that the 
latter has a relatively feeble azotobacter flora and that the former prob- 
ably has no azotobacter organisms. Still the difference is very slight 
when the whole three-foot column is considered, and the very vigorous 
Clostridium flora in the Maryland soil probably offset the activity of the 
feeble azotobacter flora in the California soil. However, that may be, 
the case under discussion is no serious objection to the correlation drawn 
above between nitrogen fixation and the presence of vigorous azotobacter 
flora since from the absolute standpoint the nitrogen fixation (in mannite 
solution) in both soils here discussed is decidedly low. When the Mary- 
land soil is placed at California it appears to lose in nitrogen fixing power 
as does the Kansas soil when similarly placed, but not so markedly as the 
latter. Moreover, it develops very vigorous mould flora which does not 
appear to be present in the same soil at its home site. This mould flora 
forms a veritable thick membrane at the surface of the mannite solution 
which is observed nowhere else in the cultures here discussed. Whether 
the decrease in nitrogen fixation is caused by an enfeeblement of the 
Clostridium flora through increased aeration or is in some way connected 
with a loss of nitrogen through the heavy mould development is impossi- 
ble at this time to state. By reference to the tables given below it will be 
seen that another puzzling element enters into this problem. The Mary- 
land soil seems to gain appreciably in total nitrogen through its sojourn 
in California during a stated period. Whether, in connection with the 
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nitrogen fixation data above considered this be a causal relationship or 
merely one of effect remains also an open question. At Kansas the 
Maryland soil also loses in nitrogen fixing power but not nearly as much 
and it even shows an appreciable gain in the third foot. In this case the 
question of mould development does not enter in as observed in the de- 
scription above given. On the other hand a vigorous algal development 
principally of Cyanophyceae is noted in the second and third foot. Since 
algae have been on many other occasions shown to be more or less direct- 
ly connected with stimulation to non-symbiotic processes of nitrogen fix- 
- ation, their presence, particularly in the third foot of Maryland soil at 
Kansas, may not be without significance. In.general, however, and as a 
soil column the Maryland soil loses in nitrogen fixing power by being re- 
moved either to California or to Kansas. Since its nitrogen fixing pow- 
ers are probably entirely dependent or nearly so, on Clostridium and 
other anaerobic non-symbiotic nitrogen fixing organisms, the observed 
facts are probably explicable on the ground of the increased aeration 
given the soil at both California and Kansas, which would operate to- 
wards the inhibition of the activities of the organisms mentioned. 

The long period of drouth and loss of organic matter suf- 
fered by all the soils at California is probably also responsi- 
ble for the partial destruction and hence enfeeblement of the 
nitrogen fixing flora. This might perhaps help to explain not 
only the facts noted in the case of the Maryland soil just discussed, but 
also that of the Kansas soil and the striking results obtained with it at Cali- 
fornia. On the other hand, the same idea would explain the increase in 
activity as regards nitrogen fixation manifested by the California soil at 
Kansas and at Maryland and by the Kansas soil at Maryland on grounds 
of differences in the amount and distribution of precipitation which are 
too well known to need amplification here. 

It is hoped that further investigations now in progress will demon- 
strate whether or not the observations made above together with general 
observations to be made below are adequate to explain the facts set forth 
with reference to nitrogen fixation. Irrespective of that, however, it ap- 
pears to be certain from the data thus far in hand, that the nature of the 
nitrogen fixing flora of a given soil and characteristics pertaining thereto, 
are not to be accounted for under the conditions here studied, by a mere 
contamination of one soil by another, in the experiment described, for 
which there has been given the most ample opportunity. Such may ap- 
pear to be the case, for example, when the nitrogen fixation attained by 
the Kansas soil at Kansas and the California soil at Kansas are com- 
pared. The idea fails of substaniation, however, when we observe that 
the California soil at Maryland does not exhibit characteristics of the 
Maryland soil at Maryland, but rather those resembling the Kansas soil 
at Kansas. Likewise the Maryland soil at Kansas does not behave as 
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the Kansas soil at Kansas, but more closely resembles in behavior the 
California soil at California. So too, if we may be allowed another ex- 
ample to illustrate the point we are attempting to make, the Kansas soil 
at California does not at all resemble the California soil at that place in 
respect to nitrogen fixation, and indeed behaves unlike any other soil 
there, it being the only soil that in the surface foot fixes scarcely any 
nitrogen. 


STUDIES ON CELLULOSE DESTRUCTION. 


The method employed for comparing the cellulose destroying powers 
of the soils here studied was not a quantitative one, but consisted of the 
following procedure. Thirty grams of soil were placed in a Petri dish 
and smoothed off on the surface as much as possible. A little more mois- 
ture than was necessary for optimum conditions was then added after 
placing a disk of ashless filter paper on the soil surface. This procedure 
insured almost uniform contact of filter paper and soil. The dishes were 
then covered and incubated at 28° to 30° C. for four weeks. Most of the 
cellulose destruction noted was carried out in the first eight or ten days. 
The results obtained are set forth in the photographs which are submit- 
ted herewith in Plates I, II, III, IV, and V. 

A study of the photographs brings out very strikingly the relation- 
ships obtaining between the various soils and cellulose destruction. Not 
only is the surface foot of the California soil more vigorous at cellulose 
destruction than the corresponding depth of the Kansas or the Maryland 
soil, but the second and third foot thereof are very vigorous in that re- 
spect, whereas, corresponding depths of the other soils have dissolved 
none or scarcely any portion of the filter paper. Moulds also are very 
much more numerous in the California soil of the Petri dishes. It is also 
to be seen from the photographs that the characteristic efficiency at cel- 
lulose destruction of the California soil while somewhat abated by its re- 
moval to other climates, is none the less still clearly persisting there. A 
part of this observation is entirely in accord with the results of McBeth’s 
painstaking studies on cellulose destroying organisms and their compara- 
tive effects in soils from different climates, a fuller account of which than 
heretofore given is soon to appear.’ 

Considering the plates above referred to a little more in detail, it is of 
interest to follow the changes in capacity to dissolve cellulose which ap- 
pear to result from the removal of a soil from its own climate to another. 
In making such comparison it should be borne in mind that at the begin- 
ning of the experiment the surfaces of all the Petri dishes looked alike 
and indeed very much like No. 6 in either Plate D or Plate E, or perhaps 
of even more uniform whiteness. A glance at Plate A, which portrays 
the six soil samples from California of the California soil shows the 
marked power possessed by these soils to dissolve cellulose. This power 
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appears to be as marked in the “disturbed” soil at California as in the 
“undisturbed” soil or at least the qualitative method here employed allows 
of the detection of no difference between the two. It is striking to note 
moreover in Plate A that the second and third foot of the California soil 
at California dissolves cellulose as vigorously as does the first foot. 

In striking contrast with the behavior of the California soil at Cali- 
fornia as regards cellulose dissolution as portrayed in Plate A is the be- 
havior of the same soil at Maryland and at Kansas in respect to the same 
factor as illustrated in Plate B. Not only does the California soil at 
Maryland exhibit an extremely feeble power to dissolve cellulose in the 
first foot, but such power is virtually non-existent in the second and third 
foot. In other words, removal of the California soil to Maryland and its 
sojourn there for seven years have been instrumental in depriving it al- 
most entirely of its cellulose destroying powers. At Kansas the Cali- 
fornia soil has not fared so badly in the surface foot and still shows itself 
fairly vigorous at the destruction of cellulose. But in the second and 
third foot and particularly in the latter, the solvent power of the soil for 
cellulose is extremely feeble and possibly wanting. The black blotches 
in Figs. 5 and 6 of Plate B, are contaminating moulds with no solvent 
effects on cellulose. Such black blotches are not to be confused with the 
dark soil color showing through the paper as in Fig. 4, Plate B. 

A study of Plate C shows that the Kansas soil becomes more active 
at cellulose destruction in the first foot as a result of its removal to Cali- 
fornia. Owing to the black mould which contaminated Fig. 2 in Plate C, 
it is impossible to say if the effect just described has descended to the 
second foot or not. At its home location for some unaccountable reason 
the Kansas soil has but little cellulose destroying power in the second 
foot, and yet shows a fair power in that direction in the third foot. It 
does not possess such power in the third foot at California. At Mary- 
land the Kansas soil, like the California soil, appears to have lost almost 
in its entirety its cellulose destroying power, though possibly a remnant 
thereof still remains in the surface foot. These observations are borne 
out by Figs. 4, 5 and 6 in Plate D. 

Plate D, Figs. 1, 2 and 3 illustrate the behavior in respect to cellulose 
destruction of the Maryland soil at California in which cellulose destruc- 
tion is fairly vigorous particularly in the first two feet and slight in the 
third foot. When one contrasts the foregoing with Figs. 1, 2 and 3 on 
Plate E, which exemplifies the results obtained with the Maryland soil at 
Maryland, it becomies clear how strikingly altered in the respect noted 
the Maryland soil at California has become. From a feeble power or 
none at all to destroy cellulose, it has developed at California a fairly 
vigorous power. At Kansas the Maryland soil has also attained some 
power at cellulose destruction in the first foot. In the second and third 
foot it has remained virtually unchanged even at Kansas. Even in the 
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first foot its cellulose destroying power is not as great as at a correspond- 
ing depth of the same soil at California. 


THE CHEMICAL INVESTIGATIONS. 


There will be found in the introduction to this paper an account of 
the general plan of the chemical investigations. The most important of 
these was of course the analysis by the official strong acid digestion 
method of every soil represented in these studies. The results obtained 
in these studies are therefore given first and include besides the analysis 
of the hydrochloric acid extracts for the constituents noted, the determin- 
tions of phosphoric acid by the nitric acid extraction method (gravi- 
metrically) and the determination of potash by the perchloric acid 
method as modified by Davis.? The results are given in Table VIII. 

In order to compare the different constituents shown by analysis of 
the different soils, as variously placed, to best advantage we shall con- 
sider every cognate group separately so far as possible. 


Insoluble and Soluble Silica. 

In general the data for insoluble and those for soluble silica as ob- 
tained by us for the different soils appear to be in harmony with Hil- 
gard’s observations on the effects of climate on the constituents of soils 
here under consideration. In some respects however, our data are at 
variance with Hilgard’s on the same subject. Specifically, we find that 
the California soil remains virtually unchanged with respect to its content 
of silica (both insoluble and soluble) when it is disturbed for three feet 
in depth, but again replaced in the same position. When, however, it is 
placed at Kansas it gains very markedly in its content of insoluble silica 
and loses as markedly with respect to its soluble silica content. The 
Maryland climate seems to exert its effects again irregularly. For exam- 
ple the California soil while not gaining nearly as much there in insoluble 
silica as it does at Kansas still shows a very appreciable gain over the 
same soil at California, but it also gains very appreciably in soluble silica 
whereas the opposite effect would naturally be expected. 

Unexpectedly, again the Kansas soil gains in insoluble silica when 
placed at California, though to be sure the gain is not great. In soluble 
silica, again the unexpected occurs and there is a marked decrease in that 
constituent when the Kansas soil is placed at California. When placed 
at Maryland, on the other hand, the KariSas soil remains practically un- 
changed with respect to insoluble silica, but loses very appreciably in its 
soluble silica content. All of these observations are of course made on 
the basis of the three-foot columns. 

The Maryland soil is characteristically and expectedly high in insolu- 
ble silica and low in soluble silica. It is very slightly changed in either 
respect by being placed at either California or at Kansas. Some changes 
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worthy of mention do however occur. 
appears to remain unaltered in quantity in the Maryland soil or virtually 
so by its placement at California, but a distinct increase in soluble silica 
is clearly accompanied therewith. On the other hand, at Kansas the 
Maryland soil increases appreciably in insoluble silica and suffers a de- 
crease in soluble silica. It will be remembered that the California soil is 
similarly affected at Kansas, except more strikingly. 


TABLE VIII. 
CHEMICAL ANALYSES OF SOILS STUDIED BY OFFICIAL METHOD. 
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For example, the insoluble silica 


Cal. in Kansas. | 


California Check. |» Cal. in California. Cal. in Maryland. 
Ist ft. 2nd ft. 3rd ft.| Ist ft. 2nd ft. 3rd ft.] lst ft. 2nd ft. 3rd ft. | Ist ft. 2nd ft. 3rd ft. 

% % % % % % % % % y % % 
Insol. Sil.| 60.31 61.21 61.82 |61.98 61.04 60.70]70.01 68.70 75.20] 63.23 64.20 65.30 
Sol. Sil. | 13.09 15.88 16.94)11.78 13.12 17.93] 7.73 10.88 6.80|16.92 16.36 15.14 
K,0 P| 42 Pee .47 .49 -43 41 a -47 -47 -43 
Na gO see  <cm0% Se Patnee Cites SC8CRE BOseee Waata “eactee Feecen aGieae Gemas 
CaO .58 -66 a9 .59 42 -61 .79 SPE alee .74 sf 1.96 
MEO fF uses 2.83 oo] 2.96 3.40 1.5409 8:27 3:35 2:56 1.95 1575 1:06 
MngO4 .18 .18 .14 .18 12 -18 -46 a | .40 .52 .65 .28 
Fe.03 7.99 8.43 8.14] 9.00 7.99 8.884 2.22 3.55 3.701 -6.36 3.28 $3.62 
AlsOg 4.24 7.27 3.18| 4.80 7.99 2.86112.46 6.85 5.88] 4.20 8.59 5.46 
POs «13 .14 -13 st2 13 .14 Pe | ol? .16 45 .17 «17 
SOs +10 12 .09 -10 10 -08 -10 .06 .05 .14 | .09 

Volatile 

matter | ....6% 2.37 6.49 | 8.66 4.65 6.43 | 4.18 4.63 4.27 §.39 PY yg 4.22 

Kansas in Cal Kan. in Kansas. Kan. in Maryland. 
URN BUle code 6 Siviv bie ante ales vies 64.52 63.33 61.44 |63.85 60.40 60.81 | 60.66 61.92 62.32 
BE EMR oh sido cel cedeaae was 13.64 15.94 17.80|]18.28 18.74 17.74)15.16 14.54 13.73 
BO) dena seh adawaeievenwaeaan -61 .58 .81 - 68 Py i .83 .59 .62 .74 
Na,O Cece reser eres eseeeeeeeees! scenes coves cesses Josees ceeee seers Possess coves sees 
GND eis partes swe'scesedenscs -61 1.30 2.06 -84 1.08 1.66] 1.08 - 66 . 66 
DUNO sb ocisas cle Mwielea neresioieecs 95 .94 .78 92 «©6102 91} 3.84 2:33 4.66 
POOR: owes beneagens wie eeeee | =.14 “ao sac -61 SS ee .28 .36 .23 
DORs 5 vacweipees cage sw ane vn 6.95 6.66 5.47} 3.40 3.40 2.96] 6.95 4.19 8.73 
CS a ee IT ere rn 5.67 5.98 8.43 8.14 10.76 10.84] 6.85 9.41 5.39 
RR oh sad abe Ses ne Same shies Aa Re .10 iS ae | PP 15 .14 .12 
Rg gawd asthe -odacaian sale deine 4 a's | .09 .07 saa .10 «17 -11 2 -12 
WONG: MAREE: icc isdctiicé ces 6.08 4.39 2.35 | 2.26 2.41 3.64 3.60 4.83 2.84 

Maryland in Cal. Md. in Kansas. Md. in Maryland. 
PGE ARs aha as wows ahaa 79.10 78.31 183.01 |84.08 80.24 81.88 |81.88 73.87 79.96 
PR SOM eee ales oie nie eke ste arsine om 6.80 7.58 § 113) 5.73. S589) $:89 22.18 3.39 
MM Ahad orale aie eats cas ulagoe eae .24 .16 .28 «on .26 .19 .28 RE | .28 
PO eis ais tas aia os eae ee ohm, a PROM eS: “wo Saki! » daa date “<a ben MeSale 
GOO biciicoiee gs ca vale uiesoccses fo ng 22 20 ceo «6S |G 2ON 520 «SES 
yt MISE L LCE PIER OPE PC IOC , Si .38 .18 .28 <2 > | at .23 .19 
RR sd aes Farha nea dans .16 <49 .12 12 oat -16 -16 .06 -10 
OS See eer 6.06 6:95 7.54] 2:66 2.96 2.811 2.81 2:81 2.99 
WERME TO sc bs ciaesee os oh ecw Nalco 2:73 3:65 4.621 6.22 7:76 7.3581 7.358 7.95 9.97 
RAS ah wiv cease Naess baced -10 .14 ej -10 ‘35 re 14S .09 13 
SEMA 6 40645613 859 3.64 0:10 0.0: sda 48 . .09 . 08 .05 12 .09 213 .13 .09 .09 
WORNS TEUNONE 5.5 o.0.6-0.0,6:0:048:09%% 3.37 2.09 3.72} 1.61 2.21 -66 -66 3.42 2.97 
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In general, it appears to be true despite the puzzling irregularities 
noted with respect to the insoluble and soluble silica that the silica as a 
whole seems to be in smaller quantity at California in any of the soils, and 
the soluble silica in greater quantity than at the other stations. In that 
respect therefore Hilgard’s observations are confirmed. Just why, how- 
ever, the smaller amount of leaching which should occur at Kansas than 
at Maryland should result in a higher insoluble silica content at Kansas is 
not clear to us and certainly is not capable of simple explanation. 


PoTAsH. 

The disturbance of the California soil at California causes a slight 
loss of potash, but its sojourn at Kansas or at Maryland is almost without 
effect in that respect, though possibly a slight loss occurs at Maryland 
when averages in all cases of the three-foot column are considered. 

The Kansas soil loses very considerably in the average for the three- 
foot column by being placed either at California or at Maryland. The 
loss amounts to more than one-sixth of the total amount of acid soluble 
potash now in the Kansas soil at Kansas and is only slightly greater at 
Maryland than at California. 

The Maryland soil like the Kansas soil loses potash in the average of 
the three-foot column by being placed either at California or at Kansas. 
The loss is, however, greater at California than at Kansas and amounts 
to more than one-fourth the acid soluble potash present now in the Mary- 
land soil. 

It may almost seem needless to remark that the losses in potash suf- 
fered by both the Kansas and the Maryland soils in California are difficult 
to account for, owing to the much smaller degree of leaching which occurs 
there than at other stations. In dealing with acid digestion of soils, how- 
ever, it is possible that we introduce an error which may account for the 
differences between the potash content of the different soils which are 
above noted. 


LIME AND MAGNESIA. 
The California Soil. 

The figures given above for lime and magnesia in the soils studied are 
as interesting as they are unexpected. For example, while the disturb- 
ance of the California soil as explained at its own location increases 
slightly the lime content, the increase is almost slight enough to be acci- 
dental ; but when the same soil is maintained at Kansas as explained for 
seven years, it gains considerably in lime content in the first two feet. 
This is surprising since the superior conditions which we assume exist at 
Kansas for the promotion of leaching processes should give results oppo- 
site to those noted. When we consider the much more marked increase 
in lime which characterizes the same soil when placed at Maryland, we 
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are at a loss for a simple and ready explanation for the wholly unex- 
pected fact. 

The magnesia on the other hand is scarcely diminished in the Califor- 
nia soil when the latter is allowed to remain at Kansas for seven years. 
At least this is so for the first two feet of soil in depth, while the third 
foot even receives an accretion of magnesia. When the same soil is 
placed at Maryland, however, the opposite effect of that noted in the case 
of the lime occurs, and the magnesia content particularly in the second 
and third foot of soil becomes much reduced in quantity. 


Kansas Soil. 


When the Kansas soil is placed at California it loses about 33 1/3 per 
cent of its lime in the first foot, but gains about as much in the second 
foot and nearly as much in the third foot. At Maryland we have again 
the unexpected and find a gain in the lime content of the Kansas soil of 
more than 25 per cent in the first foot, but a decided loss in both the 
second and third foot of the column. 

With reference to magnesia the conditions are again different. The 
Kansas soil placed at California gains very slightly in the first foot, loses 
slightly in the second, and loses very decidedly in the third foot. When 
the same soil is placed at Maryland, however, an enormous increase in 
magnesia content in the soil occurs in seven years amounting to from 
three to five or more times the amount originally present in different 
parts of the soil column. 


Maryland Soil. 


Considering the relatively small amounts of both lime and magnesia 
which exist in the Maryland soil under its natural conditions it is inter- 
esting to note that it increases slightly in lime content when placed either 
at Kansas or at California. The increase is greatest at the latter place, 
and varies from .07 per cent to .08 per cent throughout the three-foot 
column. At Kansas the increase is found in the first and third foot, in 
which it amounts respectively to .06 per cent and .07 per cent, the origi- 
nal amount remaining stationary in the second foot. 

With respect to its magnesia content, the Maryland soil shows much 
more evidence of change through its placement at Kansas and California 
(particularly the latter) than it does in the case of its lime content. Thus 
there is an increase in the magnesia content of the whole Maryland soil 
column at Kansas varying in magnitude from .02 per cent to .07 per 
cent. At California, however, while there is a possible slight loss of mag- 
nesia in the third foot of soil, there is a very large gain in the first and 
second foot of soil which amounts almost to a doubling of the original 
magnesia content. 
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MANGANESE. 


The manganese content of the California soil when piaced at Kansas 
and at Maryland becomes very markedly increased. Thus at Kansas it 
becomes approximately three times that contained in the same soil at its 
natural location, and the increase is similar throughout the whole soil 
column in the same soil in Maryland. Whether this striking difference, 
which of course cannot be attributed to accident, is of significance, re- 
mains to be determined and further discussed later. 

In the Kansas soil, on the contrary, we start with a high manganese 
content and evidently reduce it rapidly by placing the soil either at Cali- 
fornia or at Maryland, particularly at the former. The manganese con- 
tent of the Kansas soil at California in the first foot, for example, is only 
one-fourth that at Kansas, and at Maryland it is less than one-half that 
at Kansas. 

The Maryland soil at its natural location contains less manganese than 
the California soil at its home position. Nevertheless, when it is placed 
at Kansas it gains for the three-foot column .07 per cent MnsQOs, while 
at California it gains twice that amount in the same three-foot column. It 
appears now that even in this instance, in which the absolute quantities of 
manganese are small, the gains in that element experienced by the Mary- 
land soil when placed for seven vears at either California or at Kansas 
are above that of the experimental or accidental error, in magnitude. 


IRON AND ALUMINA. 

Some very interesting phases of the iron-alumina content of soils as 
affected by climate are suggested by the unusual data obtained by us as 
above reported. It appears in general that placing an eastern soil at Cali- 
fornia insures a large gain in iron and almost a correspondingly large loss 
in alumina and vice versa. The magnitude of these gains and losses may 
be equivalent to one-half to one-third the quantity originally present in 
the soil which is transplanted from its natural location to another, as 
exemplified in the procedure above outlined. 

Taking for a little closer examination one soil at a time we find that 
the mere disturbance at its own location of the California soil while it is 
instrumental in altering the content of iron and alumina somewhat in the 
soil column does not markedly change the magnitude of the quantity of 
each of the substances in question in that soil. When, however, we keep 
the California soil at Kansas for seven years we find that it loses from 
one-third to one-half its iron content and at the same time gains corre- 
spondingly or nearly so in alumina content. In Maryland the soil does 
not suffer so great a loss in iron as it does at Kansas, yet it does lose large 
amounts thereof. On the other hand, its gain in alumina, especially in 
the second and third foot, is about equally large. 


armen 
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The Kansas soil nearly doubles in the three-foot column in iron con~ 
tent by being placed at California, but it loses correspondingly in alumina 
content. Hence the combined iron and alumina content is not very dif- 
ferent in that respect in the Kansas soil at the two stations. Just as the 
California soil loses in iron and gains in alumina when placed at Mary- 
land, so does the Kansas soil gain and lose conversely. It must be re- 
marked, further, however, and this may be significant, that the losses and 
gains involved are of about the same order of magnitude in Maryland, 
whether the soil affected be the Kansas or the California soil. Moreover, 
in the absolute, the losses or gains are smaller than those involved in 
moving the California soil to Kansas or vice versa. 

The Maryland soil remains unaffected or virtually so in respect to its 
iron content by being placed at Kansas. It loses decidedly, however, in 
respect to its alumina content. To be sure, it should be added that the 
quantity of iron in the Maryland soil is very small. When, however, the 
Maryland soil is placed at California its iron content is more than doubled 
and correspondingly its alumina content is decreased by more than 40 
per cent. 

PHospHoric AcID 

Though the difference is not very great in the absolute, it is quite clear 
from the table that the relative differences between the phosphoric acid 
content in the California soil at California on the one hand, and at Kan- 
sas and Maryland on the other, are very considerable. More specifically 
it appears that the tendency is for the California soil to increase in phos- 
phoric acid content when placed either at Kansas or at Maryland. The 
increase is about the same at both places and amounts to from .02 per 
cent to .05 per cent. 

When the Kansas soil is placed at California it is similarly affected to 
the California soil placed at Kansas except that the change occurs in the 
opposite direction. Thus a slight loss is suffered by the Kansas soil when 
it is placed at California. On the other hand, it remains unchanged at 
Maryland. In other words, the effects produced by moving the Califor- 
nia soil and the Kansas soil to other stations seem to confirm each other. 

The Maryland soil data are again irregular in that the decrease in 
phosphoric acid which seems to be characteristic of soils placed at Cali- 
fornia does not occur when the Maryland soil is so placed. It is even 
possible that the Maryland soil gains slightly in phosphoric acid by being 
placed at California. It must be added, however, that the phosphoric acid 
figures are practically the same, within the limits of error, when the whole 
three-foot column of soil is considered in every case. 


SutpHuric Acip. 


The sulphuric acid data are indeed very irregular. Thus the Califor- 
nia soil gains in sulphuric acid content when placed at Maryland but 
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loses in that respect when placed at Kansas. When, however, the Kan- 
sas soil is placed at California it too loses in sulphuric acid, but as in the 
case of the California soil gains in that respect in Maryland. The Mary- 
land soil behaves in respect to sulphuric acid like the Kansas soil in that 
it loses in that constituent when placed at California. At Kansas, on the 
other hand, the Maryland soil gains in sulphuric acid. 

In general, it now appears that the sulphuric acid data are of no great 
significance. Moreover, the figures as discussed above are gathered into 
totals for the soil columns of three feet and on such small absolute 
amounts may lead to error in comparison. We do not therefore attach 
very much weight to the data submitted under the heading “Sulphuric 
Acid.” 


HuMwus. 


Since under humid conditions the humus of the first foot merely is of 
importance, the subsoil samples of these studies were not examined for 
humus and only the soil from the first foot of every column was studied. 
The Grandeau-Hilgard method for humus determination was employed. 
The following table indicates the percentages of humus found. 


TABLE IX. 
PERCENTAGE OF HUMUS (GRANDEAU-HILGARD METHOD). 


aie California Soil. Kansas Soil. Maryland Soil. 
epth. ' { | 
In Cal. | In Kan. In Md. | In Cal. | In Kan,| In Md. | In Cal. | In Kan. | In Md. 
% | % | % % % % % | % | % 
Ist. Foot..... 1.00] 1.06} 1.28} 1.05} 1.15 ‘97 | 1.22] 1.16| 1.19 


California soil “undisturbed” 1.02% 


The variation in the percentage of humus in the different soils as 
shown in the foregoing table is not a great one and it is a matter of doubt 
if any significance may justifiably be attached thereto. Disregarding the 
latter point for a moment, however, it appears that the “disturbed” Cali- 
fornia soil had decreased in humus content over the check California 
soil, and that on the other hand the Califoria soils both at Kansas and at 
Maryland had increased in humus content, the latter very appreciably, 
the former slightly. The Kansas soil, on the other hand, appears to have 
lost humus by its sojourn at both Maryland and California. While the 
loss at the latter station was to be expected on a priori grounds, the more 
marked loss at the former station is entirely unexpected. Another de- 
termination for humus on the same soil seemed only to confirm the earlier 
finding. As was true in other cases above discussed, the Maryland soil 
behaves irregularly with respect to the matter of its humus content. Thus 
it loses in humus content to the extent of .03 per cent by being placed at 
Kansas, but gains a similar amount at California. 
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Tota NITROGEN IN THE SOIL. 


The total nitrogen determinations on the soils studied were carried 
out by the method above cited and the results are set forth in Table X 
which follows. 


TABLE X. 
PERCENTAGES OF TOTAL NITROGEN. 


‘icine California Soil. Kansas Soil. Maryland Soil. 
epth. ; 
In Cal. | In Kan. | In Md. | In Cal. | In Kan.| In Md. | In Cal. | In Kan.| In Md. 
% % | % % % % % % % 
Ist Foot..... .096 | .092| .089 128} .141 .120 121 110}  .099 
2nd Foot..... “081 1065 | .071 "088 | 1095 | 086 ‘065 | 1064] 057 
3rd Foot..... 067 | 064] :057 "065 | 057 | 070 "064 | 063 | 056 


“Undisturbed”’ soil: 1st ft. .096; 2nd ft. .084; 3rd ft. .072 


It is quite clear from a study of the data submitted in the foregoing 
table, that mere disturbance of the California soil at its own location is 
powerless to alter materially its nitrogen content, even for a depth of 
three feet. For example, the “disturbed” and ‘“‘undisturbed” soil contain 
exactly the same amount of nitrogen in the first foot. In the second foot 
the disturbed soil contains .003 per cent less than the other, but the latter 
contains almost an equal amount less in the third foot, so that the two 
columns remain virtually alike in their nitrogen content. 

When the California soil is placed at Kansas or at Maryland, how- 
ever, a very appreciable change takes place in the direction of lowering 
the nitrogen content of the soil. This change is rather slight in the first 
and third foot of soil but much more marked in the second foot. There- 
fore when the whole three-foot column is considered the California soil 
loses considerable quantities of nitrogen under the climatic conditions 
which obtain either at Kansas or at Maryland in the short space of seven 
years. The loss for the three-foot column is appreciably greater in the 
case of the soil at Maryland than in that at Kansas. 

The Kansas soil loses more nitrogen by being placed elsewhere than 
does the California soil when it is so treated. This is true for both the 
first and the second foot, but not for the third foot. The loss noted is 
greater in the case of the Kansas soil at Maryland than in that at Cali- 
fornia, but the difference, though distinct, is not great. In the third foot 
the Kansas soil gains both at California and at Maryland in nitrogen, the 
greater gain being at Maryland. 

Unlike the other two soils, the Maryland soil gains in nitrogen by 
being placed either at Kansas or at California. This is true for the whole 
three-foot column. The gain is very considerably higher at California 
than at Kansas, but that is only true for the first foot, the other two being 
about alike in both cases. It is deserving of notice in the case of the 
Kansas and the Maryland soils that the percentage of nitrogen decreases 


SOIL SCIENCE. 


38 


much more abruptly from the first to the second foot than it does in the 
case of the California soil. . 

In general, the data for the total nitrogen in the soils studied are not 
indicative of changes in any one direction wrought by climate as a de- 
terminant. For a given soil it appears that removal of an arid soil to 
more humid regions means a decided decrease in nitrogen. For another 
soil from another region the opposite may be true, or at different stations 
at two extremes of climate the effect may be in the same direction on a 
soil introduced into both. In other words, we appear again to be dealing 
in our nitrogen values (as submitted in the foregoing table) with algebraic 
sums of quantities of nitrogen, on the one hand added by nitrogen fixa- 
tion of various kinds, and on the other hand of nitrogen losses of various 
kinds. It is of course clear that these two kinds of effects need not oper- 
ate uniformly in all cases. Thus high nitrogen fixation may be offset by 
rapid nitrification followed by leaching, or denitrification, and the net 
gain be a very small one. Conversely, rapid loss of nitrogen by oxidation 
of organic nitrogen or destruction through vigorous action of cellulose 
destroying flora may be offset wholly or in part by nitrogen fixation. In 
view of the foregoing facts and observations, it appears impossible to 
make any general statement, whose validity may be unquestioned, as to 
the effect of climate on the nitrogen content of soils. It seems possible, 
however, to predict from known characteristics of a given soil and a 
knowledge of the conditions under which it is to be placed, whether it 
will decrease or increase in its nitrogen content. 

REACTION OF THE SOILS. 

The California and Kansas soils at all stations give a neutral or alka- 
line reaction to litmus paper. This is of course to be expected on the 
basis of the high calcium content of these soils. The Maryland soil, 
however, acts very differently and shows even by the litmus paper test 
some very marked changes due to climatic effects. For example, at its 
home station the Maryland soil shows a distinctly acid reaction in the 
surface foot and a decidedly acid reaction in the second and third feet. 
When placed at Kansas, however, the reaction of the first foot changes 
to a neutral one and that of the second and third feet still remains acid. 
At California, however, a further change occurs and the reaction of both 
the first and the second foot changes to neutral or slightly alkaline to lit- 
mus paper and remains acid only in the third foot. 

WatTER Extract STUDIES. 


In order to gain some insight into the situation with respect to the 
water soluble constituents of the soils here studied we prepared water 
extracts by the following method: Two hundred grams of soil were 
digested with 400 c.c. of distilled water for six days, during which time 
they were shaken up several times a day. At the end of the period named 
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the extracts were filtered, 50 c.c. portions representing 25 gm. of soil were 
evaporated in platinum dishes to dryness and brought to a constant weight 
at 100° C. The total residue was then weighed and the dishes ignited at 
a low red heat to dissipate the volatile matter. This made possible the 
determination of both the volatile and non-volatile fractions of the water 
extract. The non-volatile residue was then taken up in water, and de- 
tailed analyses will be made of these which are to be reported later. It 
suffices here merely to discuss the data given in Table XI which give the 
amounts in per cent of the volatile and non-volatile matter in the water 


extracts. 
TABLE XI. 


PER CENT WATER-SOLUBLE MATTER IN SOILS. 
From Exchange Plot Experiment. 


Series A—Total Volatile Matter. 


Desih California Soil. Kansas Soil. ; { Maryland Soil. 
epth. ' ' | 

In Cal. | In Kan. | In Md. | In Cal. | In Kan. } In Md. In Cal. | In Kan. | In Md. 

% | % | % % | % % % % | % 
Ist Foot..... .0212 .0180 0336 .0160 0176 .0192 . 0264 .0232 0132 
2nd Foot..... 0168 -0236 .0388 .0180 0348 .0184 0196 .0332 | .0128 
3rd Foot..... .0248 .0404 | .0580 .0180 .0224 .0236 .0152 .0208 0172, 
Series B—Total Inorganic Matter. 

1st Foot..... | .0204 | .0264 | .0284| .0392 | .0336| .0216 ; .0144| .0256| .0128— 
2nd Foot..... -0120 .0232 .0292 .0204 | .0372 .0148 | .0268 | .0240 | .0108 
3rd Foot.....| .0152 | .0344 | .0376 | .0264 | .0284| .0228 | .0208| .0100} .0128 


The results given in the foregoing table are very interesting and in our 
opinion of great significance in connection with the general question of 
concentration of the soil solution. Considering one soil at a time, it ap- 
pears clear that the California soil increases enormously in water soluble 
matter both volatile and non-volatile by being placed under more humid 
conditions. Such increase may frequently be equivalent to nearly 100 
per cent of the amount originally present. The gain in the respect noted 
is greater in all cases for the California soil at Maryland than at Kansas. 

The Kansas soil when the soil column is considered, loses in water 
soluble volatile and non-volatile matter at California, and at Maryland. 

The loss at California is in keeping with the climatic effects as brought 
out in the case of the California soil, but the loss at Maryland is diametri- 
cally the opposite of the expected result and remains to be explained when 
the more detailed analyses have been carried out. 

The Maryland soil gains decidedly in water soluble matter at both 
Kansas and California. This fact seems to render nugatory any attempt 
to explain the existence of certain quantities of water soluble matter in 
soils on the basis of simple climatic effects, since the Maryland soil and 
its behavior negatives a possible conclusion from the California soil and 
its behavior. Thus the California soil gains in water soluble matter when 
moved to more humid climates, while the Maryland soil gains in the same 


40 SOIL SCIENCE. 


regard when placed under more arid climates. 

While, therefore, no simple relationships can be discovered, and cer- 
tainly no direct ones between climate and the amount of water soluble 
matter in soils, in the data we have above submitted and discussed, they 
are beyond cavil of great significance in other respects. In the first place, 
they lend further confirmation to the ideas expressed by other soil chem- 
ists that the concentration of the soil solution is not uniform for ail soils, 
as has been claimed by some. In the second place, the figures clearly indi- 
cate that climate exerts a profound effect on the concentration of the 
soil solution even though such effect may be in opposite directions on two 
different soils. In the third place, our results show that volatile constitu- 
ents of the soil water increase and decrease with the non-volatile portions, 
or vice versa. Lastly, it may be of significance that the quantities of the 
volatile and of the non-volatile matter, in the absolute, are very consider- 
able and of about the same order of magnitude, in general. 


CoMPARISON OF OuR CHEMICAL ]ATA WITH THE ParTIAL Data 
OBTAINED BY SHAW AND WALTERS. 

The following table is quoted from the bulletin by Shaw and Walters 
above referred to for the purpose of making a partial comparison of the 
chemical constitution of the soils here studied as they were five years 
ago and as they are to-day. It is obvious, as above indicated, that such 
comparisons must be taken cum grano salis since the methods employed 
in the analytical work were somewhat different, and the personal equa- 
tion involved in the change in analysts cannot be overlooked. 

TABLE XII. 


PERCENTAGE COMPOSITION OF SOILS. 
California Soil. 


| Phos- | Sul- | 
Nitrogen.| phoric Potash | phuric Lime. | Magnesia. 
| acid. | acid. | 
re 118 | 161 49 | 121 .704 | .703 
1 eee .074 | okey .473 | 053 .621 | 1.69 
ae Se a 058 .124 .462 | 046 - 683 1.48 
0 ASS re 083 | .137 -475 .073 .669 | 1.29 
Maryland Soil, 
TE Sagar -111 | a4, 2342) 13 .191 | 42 
I Sass eos ewe bacoeen .076 | 127 .278 | 111 <eae | 4.75 
rere 042 | 111 .450 | 053 204 4.72 
PAVERS oo 005000602 sn se 076 | 137 .357 | 098 205 | 3.927 
Kansas Soil. 
isis kas + andy ns ob -174 | .160 602 | .14 te 1.301 
TRIES 5 oso 0cenecneases .121 -173 -783 | .08 .796 | 2.29 
a, eee re 040 .165 902 | .09 | 1.69 2.18 
| | 
ee ee 111 | 166 | .762 | 20.) 3.008) 2:03 | 


_ Note.—The “Official Methods” recorded in Bulletin No. 107 (revised) of the Bureau of Chem- 
istry, U. S. Dept. of Agriculture, were followed in making the analyses recorded in this paper. 
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NITROGEN. 


Beginning with the nitrogen consideration, it appears that the Cali- 
fornia soil has changed considerably even at its natural location with 
regard to its content of nitrogen. The change seems, however, to have 
been more in the nature of a redistribution of the nitrogen in the different 
soil layers than one of loss. This idea appears to receive support from 
the fact that the average nitrogen content of the three-foot column of the 
California soil is .083 per cent by the earlier analysis and is .081 per cent 
by our analysis. The redistribution of nitrogen referred to seems to have 
consisted in an increase of nitrogen in the second and third foot and a 
decrease in the first foot. At other points than at its natural location the 
California soil has in addition to the redistribution of its nitrogen suf- 
fered a loss of nitrogen as above explained. 

The Kansas soil has suffered a loss of nitrogen equivalent to more 
than. six times the loss suffered by the California soil, even if the average 
for the three-foot column is considered, and in addition has been sub- 
jected to a greater redistribution of nitrogen from the first foot into the 
subsoil. The average for the three-foot column by the earlier analysis is 
.111 per cent, while the average for the same column at its home loca- 
tion as found by us is .098 per cent. The loss suffered by the Maryland 
soil between the time of the Shaw and Walters’ analysis and that of our 
analysis is midway between that of the California soil and that of the 
Kansas soil, if again the three-foot column of soil at its home station is 
considered. The averages for the two analyses in the order mentioned 
are .076 per cent and .071 per cent. The redistribution of nitrogen from 
the upper to the lower layers has also taken place in the Maryland soil as 
in the others. 

In only two cases in the whole series of analyses do we note an in- 
crease in the average nitrogen content of the three-foot column, and they 
are both in the Maryland soil. One is in the case of the Maryland soil at 
California in which the average net gain for the three-foot column is .006 
per cent and the other is in the case of the Maryland soil at Kansas in 
which the corresponding gain in .003 per cent. 

PHospHoric ACD. 

With regard to phosphoric acid the California soil has altered but 
slightly at its own station for the three-foot column, but again as in the 
case of the nitrogen it has lost slightly in phosphoric acid content, and a 
redistribution has occurred which has rendered the surface foot consid- 
erably poorer than it was and the other two feet each somewhat richer in 
phosphoric acid than they were five years ago. By being moved to Kan- 
sas and to Maryland, however, and left there for the period stated, the 
California soil has increased in phosphoric acid content very considerably 
as above explained. 
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The Maryland soil at its home location has lost for the three-foot col- 
umn about .014 per cent P2Os, which is a very considerable amount. The 
loss has all been from the subsoil, since the surface foot has even gained 
02 per cent P2Os, thus showing the opposite tendency from the Califor- 
nia soil. The Maryland soil at Kansas, however, has not lost any phos- 
phoric acid during the five years and has even gained slightly, as has the 
California soil at both Kansas and Maryland. At California, however, 
the Maryland soil has lost very large quantities of phosphoric acid even 
when the whole three-foot column of soil is considered, the loss amount- 
ing as an average for the column to .044 per cent P2Os. 

The Kansas soil at its home location has lost .023 per cent P2Os as an 
average of the three-foot column in five years, the loss having been great- 
est in the second foot, but appreciable in both the first and third feet as 
well. At California, however, the Kansas soil has lost even more phos- 
phoric acid and it amounts to .053 per cent as an average for the three- 
foot column there. At Maryland the Kansas soil has also lost more 
heavily in phosphoric acid than at home, but not nearly as much as at 
California, the average loss for the column being .03 per cent. 


POTASH. 


The California soil has lost very slightly in its potash content in a 
period of five years when averages for the three-foot column are com- 
pared. There has, however, been a greater redistribution within the col- 
umn itself in potash content. The changes occurring, if any, in respect to 
the potash content of the California soil at other stations are noted under 
the heading “Potash” above. 

The Maryland soil has lost in the period noted .069 per cent K2O as 
an average for the three-foot column at its home station and very much 
more at the other stations as explained above. 

The Kansas soil, like the California soil, loses but slightly in potash 
content in five years when an average of the three-foot column at its home 
station is taken for comparison. 


* SuLpHuRIC AcD. 


The data for the two analyses of the California soil at California in- 
dicate a decided gain in sulphuric acid during the past five years, and 
even a greater gain in that respect for the same soil placed at Maryland. 
At Kansas, however, the sulphuric acid content of the soil appears to re- 
main about the same with perhaps a very slight loss. 

The Maryland soil shows a very slight gain in sulphuric acid at its 
home location, but a more marked gain in that respect at Kansas, At Cali- 
fornia, however, a loss occurs which is more decided than the gain at 
Kansas. 

The Kansas soil gains very decidedly at Kansas in sulphuric acid con- 
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tent for the average of the three-foot column. The gain occurs in both 
the second and third foot, while the first foot shows a loss. The gain in 
sulphuric acid at Maryland is appreciable, but not so great as at Kansas. 
Again the gain occurs in the subsoil and a loss is noted in the surface 
foot. At California a slight loss occurs in the three-foot column of the 
Kansas soil, the loss being in the first and third foot, a slight gain being 
noted in the second foot. 

On the whole, it appears that accretions of sulphur have been re- 
ceived by most of the soil from some source outside of the three-foot 
column of soil studied, if the gain where occurring may not be explained 
on the basis of a change in the quantities of other constituents in a given 
weight of the soil. 

LIME. 

Most striking of all the changes noted in the soils in question as re- 
vealed by the two analyses carried out in 1910 and in 1915 respectively, 
are those pertaining to their lime and mz2gnesia content. Considering the 
average lime content of the three-foot column, it appears that the Cali- 
fornia soil at California has lost about .05 per cent of lime, including 
total calcium of the soil. While such loss is appreciable, it can not be 
said to be great. The redistribution of the calcium in different layers of 
the soil however, has been more marked. Thus the surface foot of soil 
has lost .11 per cent calcium and the third foot has lost more than .07 
per cent calcium while the second foot has gained nearly .10 per cent 
calcium. 

In the case of the Kansas soil at Kansas we find a slight gain of CaO 
for the average of the three-foot column in five years amounting to about 
.06 per cent. Within the column we find a loss of .05 per cent in the 
first foot, a gain of .28 per cent in the second foot, and a gain of .03 per 
cent in the third foot. 

The Maryland soil is not subject to such striking and inexplicable 
changes as the other soils, possibly because of its initially very low lime 
content. Nevertheless, at its home lucation it loses in the five year period 
mentioned nearly .05 per cent CaO for the average of the three-foot soil 
column. The loss occurs in the second and third foot of soil, the surface 
foot remaining almost stationary in CaO content, and perhaps even gain- 
ing slightly. 

MAGNESIA. 

The magnesia content of the soils here studied is subject to greater 
change, speaking generally, than the lime content in them, when analyses 
of 1910 and 1915 are compared. Thus the average percentage of mag- 
nesia in the California soil for the three-foot column in 1910 was 1.29, 
whereas now it has increased to 2.03 per cent. The increase occurs in 
the first and second foot only, the third remaining the same as before. 
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Most of the gain is in the second foot, however. The Kansas soil at its 
home location loses very heavily in magnesia (considerably more than 
half) as an average for the three-foot column in a period of five years. 
The loss is almost uniform throughout the three-foot depth of the soil. 
Considering now the Maryland soil it appears almost unbelievable to note 
the enormous losses in magnesia which that soil has suffered at its home 
location in five years. Starting with an average magnesia content of 2.30 
per cent for the three-foot soil column, it now contains, after five years 
only .21 per cent, indicating a loss (occurring in all depths) amounting 
to over 90 per cent of the total quantity present. 


GENERAL THEORETICAL AND OTHER CONSIDERATIONS. 


Lack of space in this paper forbids an extended theoretical discussion 
of the causes underlying the effects above shown and discussed which re- 
sult from climatic influences on soils. Some of the effects noted are 
easily explicable on the basis of present knowledge; others are but diffi- 
cultly so, if at all capable of being explained in simple terms. Some fea- 
tures of the results obtained stand out quite clearly, however, despite 
their unexpected nature in some instances. For example, it appears that 
the total internal surface of soils per given unit of dry weight increases 
with a decrease in precipitation or with an increase in aridity. This must 
of course exercise, as in general it appears to do, an important influence 
on the hygroscopicity, moisture equivalent, wilting point, tenacity, ab- 
sorptive power, and many other physical characteristics of a given soil. 
The reason for such increase in internal soil surface under an arid clim- 
ate in a soil fairly supplied with organic matter can now be sought only 
in theory. It is reasonable for example to argue that under the stresses 
and strains incident to extremes of moisture conditions in the soil of an 
arid region there would be a greater tendency toward the formation of 
aggregates or compound particles than in the same soil placed under 
humid conditions. The lack of leaching in the arid region would permit 
of the accumulation of cementing materials which would also operate to 
the same end. All of this would only occur in the arid region in the 
presence of a fair supply of organic matter, since without the latter the 
particles of silt and sand would tend to become compacted and cemented 
into masses of relatively small internal surface. If this theoretical con- 
sideration is allowed, and it may be that we shall be able later to throw 
light on its validity or invalidity through specific gravity and other 
studies, then the general trend of the physical data above submitted can 
be accounted for. The exceptional manifestations, however, can not be 
explained in simple terms and we are obliged to defer a more detailed 
consideration of them to such time and place as are more propitious for 
that purpose than the present. 
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With regard to the chemical data obtained by us, the theoretical con- 
siderations on the causes underlying them are more difficult than in the 
case of the physical data. This is so because of the great irregularity of 
some of the results obtained and further because of the fact that data 
given in percentages for any one constituent on the basis of a complete 
analysis, depend for their nature so much on the relative proportions of 
the other constituents present. The result is that it is very difficult to de- 
termine if losses or gains shown by percentages are real or merely ap- 
parent losses or gains. Here again, as in the case of the physical data 
we shall undoubtedly be better able to connect the results obtained with 
the causes underlying them when we shall have obtained more data on 
both the real and apparent specific gravities of the soils here studied. 
While leaching and its effects are clearly factors in the rearrangement of 
percentages of the different constituents of the soil, it does not follow 
that the climate which permits of the greatest amount of leaching is one 
posite may indeed be true, and further light for such facts must be 
sought in the laws of physical chemistry governing complex systems of 
solutions. With these in mind, the reversal of conditions with respect to 
losses of lime and magnesia in the same soil under the same conditions or 
even of iron or alumina or other constituents, may become much more 
intelligible. With regard to the nitrogen fraction of the soil, sufficient 
has probably been said above for the elucidation of the results obtained. 
To discuss more specifically the theoretical phases of the chemical data 
obtained would require much more space than is allowed us here, and we 
are therefore obliged to defer such discussion for other papers. It suf- 
fices to remark here that the data submitted by us clearly indicate pro- 
found changes in the chemical constitution of a given soil when it is 
changed from an arid to a humid climate or vice versa, and that even un- 
der a given set of climatic conditions a period of five years may produce 
very profound chemical changes in a given soil. Obviously, such chemi- 
cal changes are not independent of either the physical and biological 
changes which accompany them. 

On the biological side, the theoretical considerations are not unlike 
those of the physical and chemical sidés of the question of climatic ef- 
fects on soils. In general bacterial activities are far more pronounced 
under humid than under arid conditions, and so far as the California and 
Kansas soils are concerned, there is but one exception to this tendency, 
and namely cellulose destruction, which proceeds with much greater 
activity in the arid than in the humid region. Bacterial numbers on the 
other hand offer another exception in the case of the Maryland soil which 
increases in numbers of bacteria when moved from humid to arid con- 
ditions. The general trend, however, which is noted is probably to be 
accounted for in the decrease in the carbon supply of soils under arid 
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conditions and by the decrease in the water soluble inorganic and organic 
matter as attested to by the data above submitted. These, in general 
would affect all the bacterial activities but would operate particularly to 
deprive the nitrogen fixing and nitrifying bacteria of their source of en- 
ergy. The latter class of bacteria, moreover, would be affected in other 
ways by the difference in absorptive surface (as affected by organic mat- 
ter) for the ammonia produced by the ammonifying flora and thus would 
be poisoned by an excess of free unabsorbed ammonia directly, or inac- 
tivated by the large amount of soluble organic matter produced in the 
soil by the ammonia. It is clear that this effect would be most marked 
in the case of the nitrification of blood nitrogen, since the blood is so 
readily dissolved by the ammonia, and hence poor results with nitrifica- 
tion would be obtained. The opposite would of course be true under arid 
conditions. This theory has been advanced elsewhere® by the senior 
author to account for the non-nitrification of dried blood nitrogen in 
many arid soils when the blood is used in large quantities (1 per cent of 
the soil). In general, therefore, the theoretical conditions on the biologi- 
cal side of our problem seem to arrange themselves in a reasonable fash- 
ion tending toward the elucidation of the date obtained in the experi- 
ments. 

Considering in conclusion the subject in the large, there can be no 
question that climate exerts in a very short space of time some very pro- 
found effects on a soil. It therefore appears questionable if after all, a 
tri-soil exchange plot experiment such as that which made our studies 
possible, gives for any length of time a true picture of what the same 
soil will do under three different climatic conditions. As we have seen, 
very deep seated changes in the soil occur with great rapidity when it is 
placed under a new set of climatic conditions. This would mean that 
wheat, for example, would not be grown on the same soil in three differ- 
ent localities, but on three difierent soils derived from one original soil 
under different climatic effects, and moreover that the differences would 
become more and more accentuated every year. It therefore seems, un- 
justifiable to assume that any differences in wheat grown under different 
climatic conditions on a soil supposedly the same in every climate, results 
merely from the climatic factor involved. 


SUMMARY. 


A considerable part of detailed studies on changes in the physical, 
chemical, and biological nature of soils occurring through climatic effects 
is discussed. The studies were carried out on soils from the soil exchange 
plots used for the study of the composition of wheat in a cooperative 
experiment established in 1908 by the Office of Cereal Investigations, 
United States Department of Agriculture, the Maryland Agricultural Ex- 
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periment Station, the Kansas Agricultural Experiment Station, and the 
California Agricultural Experiment Station. Among many striking facts 
revealed through these investigations only a few can be mentioned here. 
The reader must study the main discussions and tables to obtain a clear 
view of the results. 

1. Soils change markedly in color in a period of seven years, and per- 
haps less, when moved to other climates. For example, Kansas and 
Maryland soils at California become more deeply reddish in color; Cali- 
fornia and Kansas soils become bleached to a light gray or yellowish gray 
at Maryland. The differences are so great that samples of any one origi- 
nal soil from the three different stations to-day show no outward resemb- 
lance among themselves, but appear to represent three very distinct soil 
types. 

2. In general the hygroscopic coefficient, the moisture equivalent, and 
the wilting point of any of the soils increase when the soil is placed at 
California. Some exceptions to this rule are noted. 

3. In general bacterial numbers increase in arid soils placed under 
humid conditions. In general, also the opposite is true for humid soils. 
The Maryland soil offers an exception to the latter rule. 

4. Ammonification, nitrification and nitrogen fixation follow the gen- 
eral trend of bacterial counts as described in the last section. The general 
trend, however, applies in the case of nitrification to certain forms of 
nitrogen only. In the case of other forms of nitrogen very peculiar con- 
ditions exist which are fully explained above. 

5. Cellulose destruction by soils proceeds with greater rapidity under 
arid than under humid conditions with any given soil type. Cellulose 
destruction therefore appears to follow in general the opposite course of 
other micro-organic activitity in soils as affected by climate. 

6. Marked changes in the acid soluble constituents of soils are wrought 
by climatic effects. It is difficult to generalize with respect to them, but 
it may be said that soils may often obtain accretions of the different con- 
stituents when removed from one climatic environment to another. Thus, 
for example, the California soil increases in lime at Kansas, and Mary- 
land, particularly at the latter station, and loses in iron. The general 
tendency is for soils to increase in iron and decrease in alumina when 
placed under arid conditions, and vice versa. 

7. Phenomenal losses in certain constituents in five years seem to 
have occurred in some soils even when the latter were not moved. Thus 
for example the Maryland soil loses in the period named enormous quanti- 
ties of magnesia. 

8. Very interesting data are submitted on the total water soluble con- 
stituents in the soils studied. Large increases occur in the California 
soil in that respect when it is moved to the Kansas or Maryland stations. 
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On the other hand, the Maryland soil gains in water soluble matter when 
moved to Kansas or to California. 

The brief summary given above is merly fragmentary and, as ex- 
plained above, the reader must seek a true picture of the variety and 
extent of the data obtained in the main body of the text. 


LITERATURE CITED. 


(1) Brices, L. J., and SHantz, H. L. 
1912. The wilting coefficient for different plants and its direct determina- 
_ U. S. Dept. Agr., Bur. Plant Indus. Bul. 230; 83 p., 9 fig., 
pi. 
(2) Davis, W. A. 


1912. The estimation of potassium, especially in fertilizers, soil extracts, 
and plant ashes. In Chem. World, v. 1, no. 7, p. 219, 220. 


(3) Lipman, Cuas. B., and Pressey, H. F. 
1913. A contribution to our methods of determining nitrogen in humus. 
In Jour. Indus. and Engin. Chem., v. 5, no. 2, p. 143, 144. 
(4) Lipman, Cuas. B., and SHarp, L. F. 
1911. A contribution to the subject of hygroscopic moisture of soils. IJ 
Jour. Phys. Chem., v. 15, no. 8, p. 709-722. 
(5) Lipman, Cuas. B. 
1915. The nitrogen problem in arid soils. 
In Proc. Nat. Acad. Sci., v. 1, p. 477. 
(6) Lipman, Cuas. B., and Burcess, Paut S. 
1915. 


Centbl. Bakt. (soon to appear). 


(7) McBets, I. G. 
1915. 


(Soon to appear). 
(8) SHaw, G. W., and Watters, E. H. 


1911. A progress report upon soil and climatic factors influencing the com- 
position of wheat. Univ. Cal. Agr. Exp. Sta., Bul. 216, 30 p., 1 fig. 


a 


+ 
By 


— Ret 
— lame ee 
SAS 
— eae 


PLATE I 


Figs. 1, 2 and 3, show cellulose destruction by Ist, 2nd and 3rd foot of California 
soil (undisturbed) at California. 
Figs. 4, 5 and 6—Same for same soil disturbed. 
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PLATE II 


Figs. I, 2 and 3, show cellulose destruction by Ist, 2nd and 3rd foot of California 
soil at Maryland. 
Figs. 4, 5 and 6—Same for California soil as Kansas. 


PLATE Iil 


Figs. 1, 2 and 3, show cellulose destruction by Ist, 2nd and 3rd foot of Kansas soil 
at California. 
Figs. 4, 5 and 6—Same for Kansas soil at Kansas. 
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PLATE IV 


Figs. 1, 2 and 3, show cellulose destruction by Ist, 2nd and 3rd foot of Maryland 
soil at California. 
Figs. 4, 5 and 6—Same for Kansas soil at Maryland. 


PLATE V 


Figs. 1, 2 and 3, show cellulose destruction by Ist, 2nd and.3rd foot of Maryland 
soil at Maryland. 
Figs. 4,5 and 6—Same for Maryland soil at Kansas. 
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THE INFLUENCE OF SOME COMMON HUMUS-FORM- 
ING MATERIALS OF NARROW AND OF WIDE 
NITROGEN-CARBON RATIO ON BACTERIAL AC- 
TIVITIES.* 


By P. E. Brown anp F. E. Attison. 


The determination of the nitrogen-carbon ratio in soils is now coming 
to be considered of much importance in fertility studies. Not only does 
it show the organic matter content of soils more accurately than the more 
or less arbitrary humus determinations concerning which considerable 
difference of opinion exists, but it also throws some light upon the rate 
at which decomposition processes are occurring in the soil. 

When applications of organic matter are made to the soil, the nitro- 
gen-carbon ratio of the soil is modified to a greater or less extent, de- 
depending on the ratio of these elements in the materials applied. Stew- 
art * has shown that the common humus-forming substances have a much 
wider ratio than soils, and hence the effect of turning under corn stover, 
oats straw or manure in a soil would be to widen the nitrogen-carbon 
ratio. The same author has also shown that under normal conditions the 
nitrogen-carbon ratio of the soil has a tendency to become narrower as the 
age of the organic matter increases. Other investigators have noted the 
same narrowing of the nitrogen-carbon ratio in decomposing organic 
matter and have concluded that it is due to the greater ease with which 
the carbonaceous portion of the organic matter is decomposed and dis- 
appears than is the case with the nitrogenous part. 

Furthermore, as the more actively decomposable portions of the or- 
ganic matter are removed, the remainder consists of rather inert mater- 
ials whose decomposition proceeds, as would be expected, more slowly 
and with much more difficulty. 

The presence, therefore, of a narrow nitrogen-carbon ratio in soils 
might be considered to show a deficiency in fresh organic matter and con- 
sequently a lack of the proper decomposition processes for the produc- 
tion of optimum amounts of available plant food. 

This is actually the case in humid soils. Experience has shown that 
if the ratio narrows beyond a point of about 1 to 10, crop yields may be 
reduced, evidently because of an insufficient production of available ni- 
trogen, phosphorus and potassium. On the other hand, if the ratio is 1 
to 12 or above, bacterial activities apparently occur to a satisfactory ex- 
tent and sufficient amounts of soluble plant food are produced for good 
crop growth. 

The question now arises whether, when a soil shows a narrow nitro- 
gen-carbon ratio and hence a lack of fresh organic matter, materials of 


* From the Soil Chemistry and Bacteriology Laboratory, Iowa State College. 
(49) 
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the widest possible ratio should be chosen to supply the deficiency, In 
other words, would the bacterial activities and crop yields be benefitted 
to as great an extent by additions of straw as by the turning under of a 
crop like clover which has a much narrower nitrogen-carbon ratio, but at 
the same time supplies more nitrogen to the soil? 

It is commonly believed that clovers or other leguminous green man- 
ure crops are of much more value for supplying deficiencies of organic 
matter in soils than straws or stover, but the latter materials may be ap- 
plied at a much less expense and if they will serve as well, that is if they 
will have the same or a better effect on bacterial activities and crop yields, 
they should be used. 

Obviously, the nitrogen content of the soil should be considered in 
making a choice of materials to increase the organic matter content. 
When nitrogen is lacking, should leguminous crops be employed because 
of the nitrogen which they supply? Would it not be quite as satisfactory 
to increase the organic matter content of the soil and the decomposition 
processes by the use of a cheaper material which would increase the fix- 
ation of nitrogen from the atmosphere? Would these cheaper materials 
exert a sufficiently greater effect on bacterial activities especially on azo- 
fication or non-symbiotic nitrogen-fixation to prove as valuable as the 
leguminous green manures? 

In other words, with the straws, would a sufficiently large increase in 
nitrogen content in the soil occur through azofication to keep the crop as 
well supplied with nitrogen as when the legumes were used? Again, 
would the nitrogen present in the soil be made available as fast by the 
decomposition produced by the straws as that present in the legumes is 
transformed by the decomposition which they engender? 

These are the questions which arose from a consideration of the ques- 
tion of the nitrogen-carbon ratio in soils and which the experiments re- 
ported in the following pages were planned to answer. 

Briefly then, it may be said that the purpose of this work was to study 
the influence of materials of narrow and of wide nitrogen-carbon ratio, 
when applied to soils low in organic matter, on certain bacterial activities. 
The processes studied were those which are important from the stand- 
point of the decomposition of nitrogenous organic matter, namely ammo- 
nification and nitrification, and that which concerns the increase in soil 
nitrogen, namely azofication or non-symbiotic nitrogen-fixation. 

The comparative effects of these materials on the growth of oats in 
greenhouse pots were also studied in the attempt to ascertain whether 
the crop yields were affected in a manner similar to the bacterial pro- 
cesses and also to determine if possible, whether inexpensive mater- 
ials of a narrow nitrogen-carbon ratio would not, upon undergoing 
decay, stimulate bacterial activities and especially increase sufficiently the 
fixation by the soil of nitrogen from the atmosphere, to give as satisfac- 
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tory yields as materials containing more nitrogen in proportion to the 
carbon present. 
THE PLAN OF THE EXPERIMENT. 


The soil chosen for this work was secured from one of the college 
experimental orchards and is classed by the Bureau of Soils as Miami 
sandy loam. It was low in organic matter and slightly acid in reaction 
showing a lime requirement, according to the Veitch method, of 736 
pounds of calcium carbonate per acre of two million pounds of surface 
soil. Before the special treatments were made, therefore, sufficient cal- 
cium carbonate was applied to neutralize the acidity and bring the lime 
content of the soil up to two tons per acre. 

After being sieved, air-dried and treated with lime as mentioned, the 
soil was filled into thirty-six earthenware pots in the greenhouse, at the 
rate of 36 pounds to the pot. 

The special treatments of the pots were as follows: 


1- 2—Check. 

3- 415 tons horse manure per acre. 
5- 6—15 tons cow manure per acre. 
7- 8—15 tons rotted manure per acre. 
9-10—2¥% tons oat straw per acre. 
11-12— 3 tons corn stover per acre. 
13-14— 2 tons timothy hay per acre. 
15-16— 4 tons cowpea hay per acre. 
17-18— 4 tons clover hay per acre. 
19-20—Check. 
21-22—15 tons horse manure per acre. 
23-24—15 tons cow manure per acre. 
25-26—15 tons rotted manure per acre. 
27-28—2¥% tons oat straw per acre. 
29-30— 3 tons corn stover per acre. 
31-32— 2 tons timothy hay per acre. 
33-34— 4 tons cowpea hay per acre. 
35-36— 4 tons clover hay per acre. 


Pots 19 to 36 were seeded to oats and the others were kept bare to al- 
low the taking of samples for bacteriological tests. 

The rate of application of the materials used was based on farm con- 
ditions, approximately the same amounts being applied as if a maximum 
crop were grown and turned under in the soil or a heavy application of 
manure was made. 

All of the materials were dried and ground before being applied, but 
the application of the manures was calculated on the wet basis while in 
all the other cases the dry basis was used. All applications were figured 
on the basis of two million pounds of soil per acre. 

After mixing the various materials thoroughly with the soil, the oats 
were seeded in the proper pots and all received 100 c.c. of an infusion 
made by shaking for five minutes, fresh soil with water in the proportion 
of 100 gm. per 200 c.c. of water. This was to supply a vigorous bacterial 
flora from the soil in its natural state in order that the decomposition of 
the various materials might proceed as rapidly as it would in the field. 
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The optimum moisture content of the soil was determined and after 
the addition of the infusions sufficient additional water was supplied to 
bring the water content in each pot up to the optimum. The pots were 
then weighed and additions of water were made at regular intervals dur- 
ing the continuance of the experiment to maintain a constant weight. 

The oats were harvested just prior to maturity and were dried, ground 
and analyzed. 

Samples were drawn for bacteriological tests once every two or three 
weeks and the ammonifying, nitrifying, and azofying or nitrogen-fixing 
powers of the soils were determined. 

The casein-fresh-soil method * and the dried blood-fresh-soil method 
were used for ammonification. The ammonium-sulfate-fresh soil method 
served for nitrification and the mannite-fresh-soil and dextrose-fresh- 
soil methods were employed for azofication.? 

The samples for the bacteriological tests were drawn with the usual 
precautions to avoid contamination and thorough mixing was insured be 
fore the one-hundred-gram portions were weighed out for the various tests. 
The moisture content of all the soils was determined at each sampling and 
the moisture content of the soils in all the tests was adjusted to two-thirds 
of the saturation point. 

In the nitrification tests the moisture content of the samples was kept 
up by additions of sterile water to weight every ten days. 

The incubation took place at room temperature which was fairly con- 
stant at 23-25° C. The incubation period varied as will be noted in the 
later discussions. 

The ammonification determinations were made in all cases except one 
by the magnesium-oxide method. In one instance the aeration method 
of Potter and Snyder * was used. 

The nitrate determinations were made by the phenol-disulfonic acid 
method and total nitrogen was estimated by the regular Kjeldahl method. 


THE EFFECT OF THE MATERIALS ADDED ON THE NITROGEN-CARBON RATIO 
IN THE SOIL. 
The nitrogen and the carbon content of the soil and of all the materials 
used were determined and the nitrogen-carbon ratio calculated. These 
results are given in Table I. 


TABLE TI. 
NITROGEN AND CARBON IN SOIL AND IN MATERIALS USED. 

Materials Nitrogen Carbon Nitrogen-Carbon 

Analyzed. Per Cent. Per Cent. atio. 
EE ee ee 0.0988 1.3481 1: 13.644 
BROFSE MRAMUTE ... 2000200008 1.6468 38.7614 1 23.537 
CE MITE n o0.0.00 tcc cscs 2.4176 36.6160 1: 15.145 
RE GRORUTE «2. ccc esecs 2.4461 23.9047 1: 9.772 
NN OR ren .8590 38.1622 1 : 44.426 
I oerer 1.4762 39.8266 1 : 26.979 
PE OT .c.ai'sentscveesss .9727 38.1502 1: 39.221 
ok eS ere 2.1852 | 42.1834 1: 19.304 
errr rs 2.0564 41.3085 1 : 20.088 
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The soil used showed a satisfactorily wide ratio and hence the effects 
of the materials added cannot be expected to appear as definitely as might 
be the case did the soil itself contain a smaller amount of organic matter 
of a narrower ratio. 

The rotted manure had the narrowest ratio of any of the materials 
employed and the oat straw the widest. The cow manure had a narrower 
ratio than the horse manure and the relative amounts of nitrogen and 
carbon in the legume hays were about the same as those in the horse 
manure. 

In Table II are given the results showing the amounts of nitrogen and 
carbon added to the soils in the various materials applied and the nitro- 
gen-carbon ratio in the soils after the applications were made. 

It will be seen that all the materials applied brought about a widening 
of the nitrogen-carbon ratio except the rotted manure which narrowed 
the ratio. This is in accord with the results in the previous table which 
showed that the rotted manure had a narrower ratio than the soil itself 
and hence it might be expected to narrow the ratio in the soil. The oat 
straw widened the ratio more than any of the hays, particularly the le- 
gumes. 

The horse manure brought about a greater widening of the ratio than 
the other materials applied, greater even than those which had a wider 
ratio than the horse manure. This is evidently due to the very much 
larger application of the horse manure than of the straw, stover and hays. 

It will be recalled that the amounts of all the materials used were 
calculated as maximum field applications and hence it is interesting to 
note the relative influence of the different substances and to consider 
them from the field standpoint. 


TABLE II. 
NITROGEN-CARBON RATIO IN SOILS AFTER TREATMENT. 


Pot | « Materials | N added Cadded | Total N Total C N-C 
No. | Treatment. added gm. I gm. gm. ! gm. gm. Ratio. 
_— | | | i ea ae | 
1 CHECK .ass< none | none none | 16.14 220.26 =| 1: 13.6 
2 Cheek: 640.8% none | none none | 16.14 220.26 | 4:13.6 
3 Horse manure 78.19 | 1.29 30.33 | 17.43 goucse | bite 
+ Horse manure 78.19 | 1.29 30.31 | 17.43 250.57 | 1:14.4 
5 Cow manure 59.63 | 1.44 21.84 | 17:59 242.10 | 1:13.8 
6 | Cow manure 59.63 | 1.44 31:34 | 127.99 242.10 | 1:13.8 
7 Rotted manure 83.65 | 2.05 20.00 | 18.19 240.26 | 1:13.2 
8 Rotted manure 83.65 | 2.05 20.00 | 18.19 240.26 | 1:13.32 
9 Oat straw ... 40.85 | 0.35 15.59 | 16.50 235.85 | 1:14.3 
10 Oat straw .... 40.85 | 0.35 15.359 | 36:50 235.85 | 1:14.3 
11 Corn stover . 49.02 | 0.72 19.52 | 16.87 239.79 | 1:14.2 
12 Corn stover . 49.02 | 0.72 19.52 | 16.87 239.79 | 234.2 
13 Timothy hay 32.68 | 0.32 12.47 | 16.46 aee.03. | 22368 
14 Timothy hay 32.68 | 0.32 12.47 | 16.46 232.73 ! 1:14.1 
15 Cowpea hay . 65.36 ! 1.43 27.57 | 17.57 247 .83 | 1:3 
16 Cowpea hay . 65.36 | 1.43 27.87 } 17.57 247.83 | 1:14.1 
17 Clover hay .. 65.36 | 1.34 27.00 | 17.49 347.26 {| i: 
18 Clover hay .. 65.36 | 1.34 27.00 | 17.49 | 247.26 | 1:14.1 


Rotted manure actually narrowed the ratio and hence might be con- 
sidered as having the least effect on the decomposition processes, while 
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all the other materials increased the proportion of carbon to nitrogen 
and hence should increase bacterial activities to a much greater extent. 

Among the straws and hays used, with the exception of timothy hay, 
the wider the nitrogen-carbon ratio, the greater the widening of the ratio 
in the soil when they were applied. It might be expected, therefore, that 
the materials of the wider ratios would give greater effects on bacterial 
processes than those whose content in nitrogen and carbon was more 
nearly the same. 

The changes in the nitrogen-carbon ratio in this soil, by the applica- 
tions of these materials were very much smaller, undoubtedly, than 
would have occurred if a soil of a narrower ratio had been chosen. 

It is apparent, however, that the ordinary humus-forming materials 
on the farm, when applied to the soil, widen the nitrogen-carbon ratio of 
the soil even when it is not extremely narrow and hence should be expect- 
ed to increase bacterial activities to a beneficial extent, and consequently 
increase decomposition processes and the production of available plant 
food, and increase also the fixation of nitrogen from the atmosphere. 


THE AMMONIFICATION EXPERIMENTS. 


The experiment was started on December 5th and the first sampling 
was made on December 24th, in order to allow time for decomposition to 
commence. Samplings were made approximately every two weeks, the 
dates being January 7, January 28, February 12, February 26 and March 
12. 

The results of the ammonification tests in which casein was used and 
those secured with dried blood are considered separately, but general con- 
clusions will be drawn from both lots of experiments. The incubation 
period in the case of casein was three and four days, while with the dried 
blood it was six and seven days. 


THE AMMONIFICATION OF CASEIN. 

The results in a summarized form, of the ammonification experiments 
with casein are given in Table III and in Table 1V. Where individual 
results were widely at variance with the general trend of the results as 
shown throughout the six samplings, they were omitted from the averages. 
The tests at the first three samplings were incubated four days and those 
on the remaining dates were incubated three days. 

Very much larger amounts of ammonia were produced in the samples 
taken on January 7, than in the tests at the other dates. This is probably 
due to an increase in room temperature to 29° C. which occurred while 
the samples were being incubated. 

It will be seen in Table III that for the most part the duplicate deter- 
minations agreed very satisfactorily, or at least much better than in the 
case of other tests with different nitrogenous materials. 
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TABLE III. 
THE AMMONIFICATION OF CASEIN. 


IL i. III. 
December 24. January 7. January 28. 
Pot Lab. Ammonia | Average | Ammonia | Average | Ammonia | Average 
No. No. Mg. N. Mg. N. Mg. N. Mg. N. Mg. N. Mg. N. 
|. 
' 

1 2 82.32 sian TOGO Neisieicue creisie es a ee 
es 2 92.47 87.54 104.72 102.84 89.29* 85.63 

2 3 eA en BICC a Aa eee ae SAGE) Wiasaswcan 
a + 90.97 89.01 103.40 102.62 89.15* 83.67 

3 5 See Sdviasvewns BOS SF hecccsneces Sl Seer ere ce 
<A 6 90.97 90.63 104.72 105.14 94.22 | 93.13 

4 7 "Jy a Paper ORC” a BAe aera Q0ee baatecccawe 
os 8 84.05* 89.76 104.49 104.16 86.61 88.45 

~ 9 DEMIR Vaivis-ceaaes a eee err BG.19 beccsecesse 
oe 10 89.01 | 89.01 108.68 107.12 89.99 88.09 
6 1l a eee ee SOG.78. boevcwceese eS al Sees 
a 12 89.99 89.24 104.49 104.60 85.73 85.73 

7 13 ae eee 103.83 jocccccsces a er ee 
ae 14 89.01 88.75 105.81 104.82 87.31 88.74 
8 15 ae eee 102.93 joccccccces GS.GS fessvccsece 
oe 16 90.97 89.99 109.11 106.02 84.50 85.06 
9 17 Sse — Mvesanenaee {| 106.04 |. .cceeceee Cases besccnasase 
me 18 90.97 88.75 105.38 105.71 83.38 84.50 
10 19 Boot hineaasimess BESS” Vascaaulessis's SV9G9 Nacisonn cas’ 
os 20 90.29 88.90 100.76 99.77 83.67 82.81 
11 21 BPE Avinevcnereiae4 TOR SE lsicis ons 90,070 ae. a Aer: te 
se 22 90.97 89.99 | 100.76 101.63 88.87 85.56 
12 23 el Seren ee Se reper BOBO bic sasicwace 
ae 24 90.97 90.36 | 102.51 103.80 89.43 87.12 
13 25 SEukt Wssaansesea Re Se eee eS a. Pere 
ae 26 88.14 90.25 | 105.10 103.71 82.53 84.52 
14 27 EN ae SRR oe + a eee eee BAe Pensa aecas 
ate 28 88.49 89.01 97.70 100.97 78.73 82.55 
15 29 cer aie Gee rege ee Aree tA a rere 
aca 30 85.55 85.55 99.21 102.25 78.55 78.57 
16 31 ROCGH + Vawmancate wie MGS DE Neuistes-dsserere V4 Pe da ROE ae 
a 32 89.54 89.54 107.83 106.67 80.14 79.36 
17 33 Se Sl Aer Pet Vcaienc aaa cela es a GE eee 
es 34 89.99 90.48 106.23 107.13 87.18 86.75 
18 35 a rr (ere SS Pe eer 
oe 36 87.06 89.01 | 107.13 106.35 81.83* 86.47 

IV. V. VI. 
February 12. February 26. March 12 
Pot Lab. Ammonia | Average | Ammonia ; Average | Ammonia | ——_ 
No. No. Mg.N. | Mg-N. | Mg.N. | Mg.N. | Mg.N. Mg. N. 
' 

1 1 SS ae RR ecee BROS be svicatinecis 92.99 jocvessecs 
om 2 86.15 85.26 90.47 89.58 94.42 93.40 
2 3 SSO [icvaseness BRaBe” |scisisjasierca'e 2h a arr 
a 4 85.99 84.82 90.37 89.47 94.69 93.05 
3 5 CE al COD Oe ee Ch Meal PROPRIO GGsat Aas aiaeaatese 
os 6 85.99 86.51 92.16 92.45 95.50 95.90 
4 7 or A PR ae OF.Ee Aeisiccawaaws | el eee 
=n 8 85.27 87.58 lost 92.75 94.42 96.45 
5 9 tt Bae Orr ae ET 9B.BB joceccccce's 
és 10 87.24 86.07 93.38 94.70 93.88 96.38 
6 11 Ee a eet OPA, |ieieccusacae'a es ae Ree sate 
ite 12 85.27 85.18 92.75 92.75 94.42 96.38 

7 13 a eee ole) Tl Aare ter: od an Cert ce 
he 14 86.87 85.98 92.75 92.00 86.02* 94.01 

8 15 oS a Serer 92.648 Jeccvccsces GASSER bas va sidien se 
sn 16 87.60 87.05 93.05 92.75 93.34 93.81 

9 17 ey Ae rere 2 2 ae As Me CET 
oi 18 82.41 84.10 93.38 92.62 94.55 94.14 
10 19 SeGe bwsarxesnes OR, ER eee Peer ee 
ae 20 82.60 82.60 94.54 93.49 88.59 90.42 
11 21 ae a Pee S2AUe Watscenees OFS lenecaan 
os 22 85.09 86.25 90.47 89.22 94.55 93.74 
12 23 aA. ls.bi5-cuaminares te len SO ee eee 
a 24 86.71 85.10 90.67 89.57 88 .32* 92.79 
13 25 ga GEraemae BIR hes alawdewas GOS9O bodes wrasse 
nt 26 84.02 85.44 88.58 88.88 89.81 90.35 
14 27 ae ae Gee ese OZ 8e. Viadaavoace io i ere 
ah 28 84.54 85.62 92.16 92.30 89.27 91.23 
15 29 er femal Bee Te ee Gt A ey Ay ee eS Fe 
- 30 84.45 84.81 88.47 90.01 96.04 93.88 
16 31 McGee Ast snwasaau ee errr ee Bl Perr ee 
5 32 88.29 87.14 lost 91.26 91.44 89.61 
17 33 BESO): | ocrediclens's GTI he ct aene 93.61 ere 
ye 34 87.60 87.68 88.58 | 89.92 91.57 92.59 
18 35 STO), Daciseecarse' OSE Vise ciaysssisiouess OOERe) Foie ccueaenie 
ns 36 85.99 | 85.78 | 88.47 | 88.52 93.20 


*Results omitted from the averages. 
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The differences in ammonifying power between the different soils 
were not, however, very large, and it is very difficult in such cases to 
draw definite conclusions. 


TABLE IV. 
THE AMMONIFICATION OF CASEIN. 


im a | II. III. 
No Treatment. Ammonia| Average | Ammonia | Average | Ammonia | Average 
Mg. N Mg. N. Mg. N. Mg. N. Mg. N. Mg. N. 
i. | | \ 
' ' ' ' 
1 eS Aa BT 58 - lescseseae's if 2) Saree em Ere 
2 I S256 4 skin 6:6 bb 89.01 88.27 | 102.62 102.73 83.67 84.65 
3 Horse manure ..... a Ae ee | at Ree S| a eee 
4 Horse manure ..... 89.76 90.19 104.16 104.65 88.45 90.79 
5 Cow manure ....... be eae | a Pe i ae BRS 
6 Cow manure ....... 89.24 88.39 104.60 105.86 85.73 86.91 
7 Rotted manure ..... ie ee Ea | et SP | ee ae 
8 Rotted manure ..... 89.99 89.37 106.02 105.42 85.06 86.90 
9 aT er ee. ee ee * Sa JS fae 
10 errr 88.90 88.82 99.77 | 102.74 82.81 83.65 
11 Corn stover ........ 2) i a ae aaa TS es ree 
12 Core stover ........ 90.36 90.17 103.80 102.71 87.12 86.34 
13 Timothy hay ....... a ere 1s Bae re ES ae ree 
14 Timothy hay ....... 89.01 89.63 100.97 102.34 82.55 | 83.53 
15 Cowpea hay ........ _ eee tS ee Bee Ae ae 
16 Cowpea hay ........ 89.54 87.54 106.67 104.46 79.36 78.96 
17 Clover hay .... oi _- eee Se Ee era ey a 
18 Clover hay ... 89.01 89.74 106.35 | 106.74 86.47 86.61 
Pot | IV. V. VI. 
No. Treatment. Ammonia | Average | Ammonia | Average | Ammonia | Average 
Mg. N. Mg. N. Mg. N. Mg. N. Mg. N. Mg. N. 
' } 
EE ee eee SS Se rrr ae dee err a ee ere 
2 errr 84.82 | 85.04 89.47 89.52 93.05 93.22 
3 Horse manure ..... __ +) ee Bae fT Se eee Ie RSPAS 
- Horse manure ..... 87.58 | 86.54 92.75 92.60 96.45 96.17 
5 Cow manure ....... BOGE? Aviaeedanes PELTO Iisaxs nse Le i Bere 
6 Cow manure ....... 85.18 85.62 92.75 93.72 96.38 96.38 
7 Rotted manure ..... ee eee LS) SS LE Ba ee 
8 Rotted manure ..... 87.05 86.56 92.75 92.35 92.79 93.91 
9 Pe CU Spiess'0 ous a a ce et eee | ar 
10 SE GUE ons 00-00.050 82.60 83.35 93.49 93.05 90.42 92.28 
11 Corn stover ........ ge BR ae BA Peer 
12 Cora estover ......<. 85.10 85.67 89.57 1 89.38 92.79 93.26 
13 Timothy hay ....... 85.44 |..... Staee BeOS Lissedsscee dt an PEE 
14 Timothy hay ....... 85.62 85.53 92.30 } 90.59 91.23 90.79 
15 Cowpea hay ........ BEAEE Wvswcaseae's POE Visawew once See fo cschese x 
16 Cowpea hay ........ 87.14 85.97 91.26 | 90.63 89.61 91.74 
17 | nee BES Asckehive se a Beer Ee cekascass US dee Sere 
18 Oe ee 85.78 86.73 88.52 | 89.22 93.20 92.89 


In general, however, considering the results as a whole, it appears 
from Table IV that horse manure, cow manure, and rotted manure fav- 
ored the ammonifying bacteria to the greatest extent. Next in order 
came clover hay, corn stover, oat straw, cowpea hay and timothy hay, 
respectively. In the case of the latter materials the differences were not 
large, and their relative effects varied greatly at the different samplings. 

For the most part, however, all the materials increased the ammonify- 
ing power of the soil, according to the tests and while in a few instances 
some depressing action was noted, the figures were not widely enough 
separated for the results to be conclusive. 

Some depression in the ammonifying power of soils may occur im- 
mediately following the application of materials similar to those used in 
these experiments, but after such substances commence to decompose, 
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any decrease in the activities of the ammonifying bacteria would hardly 
be expected. Some decomposition of all the materials used in this work 
had undoubtedly occurred prior to the making of any tests and hence it 
seems probable that the slight depressions noted should be considered 
merely as indications of the absence of any particular increasing action 
of the substances applied. The variations from the results with the 
check soils should in such a case be considered as due to experimental 
error or accidental contamination. Much more distinctive results than 
those secured here must be obtained before the occurrence of any de- 
pressing action could be considered as the rule with the use of these ma- 
terials. 

In short, it seems safe to conclude that applications of humus-forming 
materials increased the ammonifying power of soils as indicated by tests 
with the casein-fresh-soil method. The manures had a greater effect than 
straw, stover or hays; and horse manure and cow manure showed much 
more influence than rotted manure. It must be recalled here that the 
bacterial factor was the same in all the pots, as the materials were all 
added in a dry condition and different effects were due, therefore, to dif- 
ferences in amounts added or in composition. 

While the casein-fresh-soil method gives very satisfactory results 
from the standpoint of agreement of duplicates and because of ease of 
manipulation, it is apparent that some further modification will be neces- 
sary to make it possible for distinctive results to be secured with its use. 
The dried-blood-fresh-soil method although much more difficult to use is 
evidently better suited for general soil studies and causes a wider dif- 
ference to be shown in ammonifying power between soils differently 
treated. 

Reference will again be made to the results with casein after the 
dried-blood experiments are considered. 


THE AMMONIFICATION OF DRIED BLoop. 


The samples drawn on the same dates as previously mentioned when 
the ammonifying power of the soils was tested with casein, were used 
for ammonification tests with dried blood, except that no tests were made 
on January 7. An additional sampling was made, however, on March 24, 
so that six series of results were secured here. Thus there was provided 
a comparison of the two methods as well as additional data on the am- 
monifying power of the soils. 

The results of the tests with dried blood are given in Table V and the 
summarized results appear in Table VI. 

The incubation period for the first, third and fifth sampling was seven 
days; for the fourth and sixth it was six days and in the second series 
one-half of the determinations were made on the fifth day and the dupli- 
cate half on the sixth day. This second series was distilled by the aera- 
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TABLE V. 


THE AMMONIFICATION OF DRIED BLOOD. 


I. II. III. 
December 24. January 28. February 12. 
Pot Lab. Ammonia | Average | Ammonia | Average | Ammonia | Average 
No No. Mg. N. Mg. N. Mg. N. Mg. N. Mg. N. Mg. N. 
t 

1 1 Se eR SS eae UE an wan ; 
é6 2 78.83 77.07 67.71* 29.09 a Ser 
2 3 SO Sop enwnadue i Acvesnsseeel lost an aew ans ° 
ee ~ 59.47 73.28 32.22 29.06 42.15 42.15 

3 | 5 DEM  bncvtnecace Fo Me. Mvccsasande 
a | 6 96.24 94.43 50.95 | 50.95 62.52 | 62.52 

4 7 RL, Si sevaande : ee ee aa 
os 8 86.26 94.58 lost | 37.70 78.36 | 78.36 

5 9 TT a Ay Se eee ‘ ee eer 
oe 10 97.00 106.79 lost | 33.55 52.34 | 52.34 

6 1l 93.12 | cetsennoes a ere Pk Eiweneesee’ 
os 12 70.43 81.77 72.31 59.69 75.53 75.53 

7 13 93.44 | pale tie wae WEEE. Bedcescunae ee eer 
ee 14 129.67 111.55 57.22 50.96 90.81 | 90.81 

8 15 110.91 | ee. A es ee lost |........0. 
oa 16 102.12 106.51 73.13 56.13 | 73.21 | 73.21 

9 17 78.63 | baa enue eos ae Re | i Sicheswaa ge 
as 18 89.57 84.10 60.28 52.16 | 97.60 97.60 
10 19 TE ee ee ht ee | ee Soo ere 
a 20 84.16 85.60 40.32 42.01 | 51.20 51.20 
11 21 BRE A oicwrs ses ee See ee TS oe. Bore eee ee: 
“- 22 87.25 85.58 55.53 51.81 43.85 43.85 
12 23 > a eee eS rr a ene 
ae 24 84.29 83.43 59.26 Si:i3 7 68.74 | 68.74 
13 25 RR Bocsnccasea 8 St ae } SR GAS Seana 
s 26 76.43 94.36 75.39 64.12 | 63.65 | 63.65 
14 27 1 Be SS eee RE Tiesacanges 
= 28 107.40 105.05 73.43 59.92 67.05 67.05 
15 29 See Biveskcsusd Bh a aes oe: Lieteneneee 
a 30 61.43 75.01 53.84 43.87 61.39 61.39 
16 31 BO Toccsccseca a ere BE. Ivencensaes 
- 32 84.81 85.24 72.91 57.46 $1.77 | $1.77 
17 | 33 Se APRS Fe eae a Rae 
a. 34 78.84 81.37 50.14 | 50.65 57.43 | 57.43 
18 35 oS eee BOO Asisssasace Se ecenee 

‘ 36 81.75 87.14 62.29 | 51.14 S07 Ge" Vicancassa> 

IV. V. VI. 
February 26. March 12. March 24. 
Pot | Lab. Ammonia | Average | Ammonia | Average | Ammonia | Average 
No. No. Mg. N. Mg. N. Mg. N. | Mg. N. Mg. N. Mg. N. 
' ' 

1 1 Ee Sr Pe OSS ae Beer Re i ee 
at 2 _ |. inl ee 41.98 47.27 92.56* 57.73 

2 3 SOU: Bcescecanes ae Pe ae . — & : i Aare 
ae 4 51.86 49.37 43.60 43.73 93.54* 67.71 

3 5 a ae a Seren SO ge er 
is 6 91.71 75.01 73.71 65.45 93.74 92.45 
4 7 REGED Lissnesises “es Uf : ie peer ree 
_ 8 81.16 81.30 97.96 87.29 113.09 100.38 
5 9 PEGE: Snvcacsasns i Sear Se BAS 
és 10 89.37 95.36 71.18 73.90 83.95 | 76.44 
6 11 gf Beer = rere BBs As inecoea es 
¥ 12 108.12 104.89 74.58 83.48 100.39 100.39 

7 13 ae Sa WOE. lscsscayues TM lvveadenn ss 
— 14 109.88 103.43 54.75 | 50.73 88.65 79.65 

8 15 eee OS a rr SURste) Uvuccasunse 
— 16 119.25 112.36 73.90 84.91 88.04 99.89 
9 17 OK 1 aa De Tbiveeeneas OS a Peers 
nie 18 55.67 59.18 58.14 60.58 76.52 64.95 
10 19 le gl are ere ae " See 
te 20 87.31 82.77 94.97 74.56 91.39 86.44 
11 21 Le ee rere ee eee BOR SS. Niswsassass 
- 22 74.42 82.77 82.33 85.38 64.17 83.75 
12 23 et rr ot, Ae ERS ae er 
se 24 66.80 73.38 81.14 74.07 51.25 65.06 
13 25 oF Ss ere CF eS ‘ BUuee Aveesackec® 
os 26 110.17 92.59 69.65 106.36 91.39 89.53 
14 27 | eae re Be ae ae BecEe Icccnsconree 
i 28 132.14 120.27 51.07 101.89 87.08 85.51 
15 29 Ee eee ee Serre _* a eee 
at 30 77.35 71.93 102.03 98.29 70.65 69.37 
16 31 th fe Cee ie S| at eee | hae RP ae 
ie 32 67.98 72.81 81.78 81.78 72.99 73.48 
17 33 a, A eae i, a ESS SS a eer 
wil 34 89.37 84.38 58.82 55.76 62.82 63.99 
18 35 GE.B0 focccsscccs 129.75 oeseoaees Ge Eocnsecncee 
oe 36 67.68 67.24 106.11 117.93 88.85 75.64 


*Results omitted from the averages. 


INFLUENCE OF N-C RATIO IN HUMUS ON BACTERIA. 59 


tion method as has been noted, and this fact, together with the shorter in- 
cubation period, explains the low results secured. 

It is a commonly recognized fact that the magnesium oxide method 
for ammonia gives more than just the ammonia present as such in the 
soil, breaking down as it does certain amino-compounds and liberating 
ammonia from them while the aeration method liberates only the ammonia 
present as such in the soil. The manipulation of the aeration method is 
somewhat difficult and especially was it difficult to keep the entire one 
hundred grams of soil used in each test, in motion such as is necessary 
for accurate results, hence the method was not used for the other tests. 
The results with magnesium oxide may not be absolutely accurate for 
ammonia as such, therefore, but they are comparative at least, which, af- 
ter all, is the main consideration in the ammonification studies reported 
in this work. 

The duplicate determinations, as is usually the case with dried blood, 
did not agree very closely. This is the chief objection to the dried blood 
method, and is due partially to the lack of uniformity in the composition 
of the dried blood, partially to the difficulty of thorough mixing with the 
soil and in large part to the difficulty in distilling, owing to the foaming. 
In some instances where the results were clearly abnormal they were not 
included in the averages. 

Considering now the results in Table VI, it is apparent that the differ- 
ent materials affected quite differently the ammonifying power of the soils 
as determined by the dried blood method. 

The effects of treatment were much more pronounced than in the 
case of the casein method. None of the materials applied occasioned any 
decrease in ammonifying power, and hence the slight depressions noted 
in a few cases with the casein were evidently due, as has been concluded, 
to an absence of indications of effect rather than to an actual depression 
of ammonifying power. 

Again, it appears that the manures favored the ammonifying process 
to a very large extent. With only one exception the manures all showed 
greater effects on the ammonifying bacteria than any of the other mater- 
ials applied. The rotted manure gave a greater influence than the cow 
or horse manure. It will be recalled that the rotted manure had the nar- 
rowest ratio of any of the materials applied to the soil and it gives here 
the greatest effect on the ammonifying power of the soil. 

The general influence of the horse manure was about the same as that 
of the cow manure, the horse manure having a slight advantage. The 
nitrogen-carbon ratio of these manures was quite different, that of the 
cow manure being much narrower than that of the horse manure, so that 
it appears here that the difference in ratio had little effect on the influence 
exerted by the materials on ammonification. 
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The most surprising results were those from the soils treated with 
the timothy hay which were about as high as those from the soils re- 
ceiving rotted manure, and higher in almost every case than those from 
the soils where the horse and cow manures were used. The timothy hay 
had a wide nitrogen-carbon ratio, very much wider than the other ma- 
terials except the oat straw and it might seem, therefore, that materials 
of wide nitrogen-carbon ratio would exert as much effect on ammonifi- 
cation as those of a narrow ratio. When the results with oat straw are 
considered, however, it is found that the effects on the ammonifying bac- 
teria were much less than the influence exerted by the manures and even 
less than the effect of the hays which had a narrower nitrogen-carbon 


Tatio. 
TABLE VI. 
THE AMMONIFICATION OF DRIED BLOOD. 
§ Il. ITI. 
Pot Treatment 7 
No. : Ammonia | Average | Ammonia Average | Ammonia | Average 
Mg. N. Mg. N. Mg. N. Mg. N. Mg. N. ; Mg. N. 
' i] 

1 Sa Sf. eee OR Re SAS Byer A oeenas a 

2 tO aes 73.28 75.14 29.06 | 29.07 42.15 42.15 

3 Horse manure .. oo. ee See SE eae eS ae eee 

4 Horse manure 94.58 94.50 37.70 44.32 78.36 70.44 

5 Cow manure .. 8 ee eee DEAE. Dscnacacaes ee er eer 

6 Cow manure .. 81.77 94.28 59.69 | 46.62 75.53 | 63.43 

7 Rotted manure ..... TCR. gt Gere oS ae Rarer 2 ara 

8 Rotted manure ..... 106.51 109.00 56.13 | 53.54 73.21 | 82.01 

9 ee a Tk! ES Rae: 1 a eer DIO Bev asa deans 
10 ee 85.60 84.85 42.01 | 47.08 51.20 | 74.40 
11 Ca EE cae sinces a eer RES Ass wawnencel SS ae 
12 | Corn stover ........ 83.43 84.50 51.13 | 51.47 68.74 | 56.29 
13 Timothy hay ....... Dm. Ake shacasou Phe lissaseenee 63.65 | Pere oe 
14 Timothy hay ....... 105.05 99.70 59.62 | 62.02 67.05 65.35 
15 Cowpea hay ........ RIE. ‘Avtssswance BOE?) Bes Saccapale ES RS as 
16 Cowpea hay ........ 85.24 80.12 57.46 | 50.16 51.77 | 56.56 
17 COO OT scnssccies ie i rere BOS: Iowcisade sm iy ae, Ease eae 
18 COUPEE MRT sce c0ces 87.14 84.25 Bee fo SD. Bibicss dscns | 57.43 

IV. Vv. VL. 
Pot Treatment F Sar F p 
No. , Ammonia | Average | Ammonia| Average} Ammonia | Average 
Mg. N. Mg. N. Mg. N. Mg. N. Mg. N. Mg. N. 
} 
Y 1 

1 Dn cGilessh sheath seein eccliovhoanae’ Ee J are. Be ee Rees 

2 a 49.37 49.37 43.73 45.50 67.71 62.72 

3 Horse manure ..... 2 8. Ty Ea eee Se ea eee BL er rs 

< Horse manure ..... Si.30 | 78.15 87.29 76.37 100.38 96.41 

5 Cow manure ....... 0 3 ere Tae, Bein vevge Gs | | | oe Ry 

6 Cow manure ....... 104.89 100.13 83.48 78.69 100.39 88.41 

7 Rotted manure ..... LE Ss eee Ome” Svavecccsnos eS YES RS Re 

8 Rotted manure ..... 112.36 107.89 84.91 67.82 99.89 89.77 

9 Oat straw .. A oS Serr oi Et See Ss RR 
10 Oat straw . ‘ 82.77 70.97 74.56 67.57 86.44 75.72 
11 Corn stover . ° 2 ae a oe 1 ee Swe Aaa 
12 Corn stover . se 73.38 78.07 74.07 79.72 65.06 74.40 
13 Timothy hay . ; Tf ae ae BVO: Nisawensss’ Ee aa rrre 
14 | Timothy hay . 120.27 106.43 101.89 104.12 85.51 87.52 
15 Cowpea hay . A Te eee ee Sil Se a BRR 
16 | Cowpea hay . 72.81 72.37 81.78 90.03 73.48 71.42 
17 Clover hay .. ana lS 2 ee SeLeE! Le cwcganoae BOOP. Aosiannnaarcs 
18 ee. ee 67.24 75.81 117.93 86.84 75.64 69.81 
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Practically the same situation obtained in the case of the corn stover, 
and the effect on the ammonifying bacteria was less than that exerted by 
the manures and hays, which had narrower ratios of nitrogen and car- 
bon. It seems, therefore, that the nitrogen-carbon ratio in the common 
humus-forming materials had very little influence on the extent of the 
action exerted on the ammonifying bacteria. 
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The cowpea hay and clover hay uniformly exerted less influence on 
the ammonifying process than the manures and the timothy hay but they 
showed more effect than the oat straw and corn stover, although the dif- 
ferences were not very great and there were some variations in effects 
shown at the different samplings. 

It is apparent, therefore, that some other factors than the nitrogen- 
carbon ratio in the materials used in this work must be of more im- 
portance in determining the effect on the ammonifying bacteria. It is 
probable that the character of the chemical compounds present in the ma- 
terials used would explain the variations noted, for the different sub- 
stances are made up, of course, of very different chemical substances, 
and while these differences would not appear from the analyses 
for carbon and nitrogen, they are undoubtedly present and of much sig- 
nificance from the standpoint of effects on bacterial activities. 

It will be recalled that the materials used were all applied in a dried 
condition so that the variations noted were not due to the bacterial con- 
tent of the substances. Of course, different quantities of the different 
materials were used, amounts such as are common on the farm being 
employed. These differences in applications would probably account par- 
tially for some of the results noted, such for instance, as the greater 
effect of the manures, but inasmuch as the results are to be interpreted 
from the field standpoint it was necessary to make field applications and 
these differences in amounts are inherent.in farm practice. 

In general, therefore, it appears from these results that applications 
of the common humus-forming materials in maximum amounts employed 
on the farm led to increases in the ammonifying power of the soil. Fur- 
thermore, these increases were apparently independent of the nitrogen- 
carbon ratio of the materials added and probably dependent on the chemi- 
cal composition of the substances. The manures gave the greatest effects 
in most cases, although the timothy hay used in this work gave a greater 
influence than the horse manure or the cow manure. In the field, under 
ordinary farm conditions, when the manures are applied in a fresh con- 
dition and teeming with bacteria, a greater effect of the manures on am- 
monification would be expected. 

Similarly, while the rotted manure gave the greatest influence in these 
results, in the field, it is probable that the fresh manures would show more 
effect because of the bacteria added. 

If the soil employed had possessed a narrower nitrogen-carbon ratio, 
the differences in the results secured might have been more pronounced, 
so that any conclusion from this work must be qualified by specifying for 
this particular soil which possessed a satisfactorily wide nitrogen-carbon 
ratio. With this qualification, then, the statement previously made may 
be accepted as a rather definite conclusion from these results, namely, that 
the nitrogen-carbon ratio of common humus-forming materials, used in 
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maximum field applications had little or,no effect on the influence exerted 
by these substances on ammonification in this particular soil. The dif- 
ferent effects were probably due to the variations in chemical composition 
of the materials used. 

Comparing the results of the ammonification tests as a whole, using 
the casein and the dried blood methods, it is apparent that the latter al- 
lows of much greater differentiation between the ammonifying power of 
soils differently treated. The casein method permits of the securing of 
much better agreement among duplicate determinations, but this point 
is of minor importance to the securing of results distinguishing more 
widely between ammonification in different soils. Some further modifi- 
cation in the technique of the casein method may remedy the difficulty 
mentioned, but until such a change is made the dried blood method must 
be considered the more satisfactory. 


Tue NITRIFICATION EXPERIMENTS. 


To determine the effect of the various materials used in this work on 
the nitrifying power of the soil, samples secured on the dates previously 
mentioned were tested by the ammonium-sulfate-fresh-soil method as 
has been described. The tests on February 12, were incubated for 27 
days and all the other tests were made in 28 days. 

The results of the determinations are given in Tables VII, and the 
average results appear in Table VIII. 

A few of the results are omitted from the averages because of evi- 
dent abnormality. It will be noted, however, that as a whole the duplicate 
determinations agreed very satisfactorily. 

Considering now the results given in Table VIII, it appears that the 
differences in nitrifying power were not pronounced. In general it seems, 
however, that the cowpea hay and clover hay had the greatest action on 
the nitrifiers and the manures a lesser effect, while the straws, stover and 
timothy hay showed little influence on nitrification. The differences were 
too slight to warrant definite conclusions in the case of the three latter 
materials, and hence the only statement which can be made is that these 
materials exerted practically no influence on nitrification. The small 
variations in the nitrifying power of the soils used in this work might 
have been increased by a longer incubation period. It seems that pos- 
sibly larger differences might have been found with variations in the 
method employed, but from the standpoint of these experiments it is 
apparent that the nitrogen-carbon ratio of the materials used had no ef- 
fect on the influence of the substances on the nitrifying power of the 
soils. The effects of the materials were apparently exerted on nitrifica- 
tion regardless of the ratio of nitrogen to carbon in them and dependent 
probably as in the case of ammonification on the chemical compounds 
present in the materials. 
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TABLE VII. 
THE NITRIFICATION OF AMMONIUM SULFATE. 


ep SMO i. II. III. 
December 24. January 7. January 28. 
Pot Lab. Nitrate Average Nitrate i Average Nitrate Average 
No. o Mg. N. Mg. N. Mg. N. i Mg.N. Mg. N. Mg. N. 
1 1 r Ss ee CE DORI Us wemsneos E7508) Lenenucess 
ma 2 20.83 20.62 19.99 19.36 17.04 17.04 
2 3 oe el ee 18.99 aes ° 17.04 
ae ~ 20.83 20.83 19.74 19.36 16.85 16.94 
3 5 Le a Ce ME i teaiciacwes 18.99 acacia 
ae 6 21.23 21.53 19.74 19.87 18.99 18.99 
+ cf Es ta Eee ee eee BRGeAe lease cease 
a 8 21.23 21.48 19.59 19.87 16.85 17.68 
5 9 Vt i eo Sees BAAMOr sec dhedace pe ee eee 
or 10 22.72 22.46 22.40 22.23 16.48 , 6.48 
6 11 ute 5 alll Pee BIG hs<scacdaes 18.52 Kiaenane 
oa 12 21.73 21.07 24.19 24.00 16.48 17.50 
7 13 Meats Aesclas paved Bade Upesaencsn ea SP rr 
aes 14 21.73 21.73 22.39 22.56 16.85 16.90 
8 15 BGO Ad. cstaiesy.cae BETH. Vekeuncaas GE) Aeedaccaas 
ine 16 22.72 22.47 22.40 22.07 17.04 16.94 
9 17 5 Es Sea Mate Teo wastes Ce Gh Sa e 
ae 18 21.23 21.03 20.83 20.98 16.85 16.94 
10 19 BEES Asacesvacsas Shear lesieudenaes ie” Gaal Bee 
<o 20 20.83 21.03 21.13 21.13 16.85 16.94 
ll 21 POKGE Ueiswacces ° Beer Favcien cee ° Reem fnceeccuees 
22 21.23 21.03 20.48 20.37 16.99 17.32 
12 23 BAGee. arn istsiniass’a See Sener ° TEOUE Vevseusencas 
¥ 24 20.83 21.03 18.99 18.87 15.96 17.01 
) 13 25 WOR. lovecacaces Ue A PUCee Sideseccnes 
; 26 20.83 20.62 21.74 21.90 17.04 16.94 
14 27 SUG leicacccaee rc Ba Eee POCNO? Necccesianas 
@ 28 20.83 20.83 21.74 21.90 17.44 17.05 
15 29 CANES Nels cwaleicnnss LORE Weir eieieignoid Pete ls wicinaeaues 
30 21.73 21.48 24.59 25.61 18.75 18.87 
16 31 QUES? Uieewaeaceas LIB ee Cee ji A ere 
32 21.23 21.23 25.42 25.64 18.52 19.00 
17 33 (2 Uy AR Ere er rs BSS ee 8 a eee 
is 34 21.73 21.48 23.40 23.60 17.04 17.78 
rg 18 35 BIGEA. Notiecaiaane ie ae ere Wee Nias cacon cee 
; a 36 22.22 21.72 23.40 23.40 17.65 18.08 
i IV. V. VI. 
February 12. February 26. March 12 
Pot Lab. Nitrate Average Nitrate Average | Nitrate | Average 
No. | No. Mg. N. Mg. N. Mg. N. Mg. N. Mg. N. ! Mg. N. 
i | \ 
.t 4 a Sas ea SS eS nee 
+ 2 21.43 21.13 21.74 21.90 23.40 23.79 
2 3 Ree ne ees siatsiace BOMar Veisicwasieaisse rt Mi POC Ore 
i 4 21.43 20.58 22.06 21.16 23.40 23.98 
i 3 5 | TOA | Recsnn vance BECUO besewescees SEset Lscvereuens 
i 6 19.59 19.17 21.74 21.90 22.40 25.43 
i 4 a ES EEE QOROGS Voccsoreinoreine's 77.5 ia Breer 
8 19.74 19.87 22.06 22.06 25.86 | 24.13 
5 9 | Sasa? heietsacuned el ee RE Mitdvawnane 
10 | 21.43 21.91 22.39 | 22.22 2hear 26.81 
6 11 OP Se eee Meletae Naesica cea Zoe Urassawuves 
12 } 21.74 20.43 21.43 22.08 27.77 | 26.59 
7 a eS ER ere BOAO) Ueasestenvsine DORM MN occilewass 
14 23.40 23.06 24.57 23.48 23.40 | 24.85 
8 15 Borat Vedeags waste Die Va cuieoeawd 27.77 ad eaeenae 
16 | 20.27 20.27 24.57 23.15 24.19 25.98 
9 17 ae BR Wena tate saree ri 2 Serer 
. 18 | 20.55 20.55 19.74 21.23 22.40 23.10 
10 19 | BBeE  oceesasaas bv a ES ene 26.31 | Oeeiameieee 


*Results omitted from the averages. 
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TABLE VIII. 
THE NITRIFICATION OF AMMONIUM SULFATE. 
Pot :; II. III. 
No. Treatment. Average | Nitrate Average Nitrate Nitrate Average 
Mg. N. Mg. N. Mg. N. ; Mg. N. Mg.N. | Mg.N. 
' ; 
1 EE cade dwau-sbk ® I ras Lee Aisisenvesa eS es 
2 ee 20.83 | 20.72 19.36 16.94 16.99 
3 Horse manure ..... oe a See SOU Bisnuscexes 2, Ge BBS S Ae 
~ Horse manure ..... 21.48 21.50 19.78 17.68 18.33 
5 Cow manure ....... 2 Se errr = fe ? SD ee Be As cagesenes 
6 Cow manure ....... 21.07 21.76 24.00 17.50 16.99 
7 Rotted manure ..... Us Wl See SESEO Aiesanssis 4 Lh de BES 
8 Rotted manure ..... 22.47 22.10 22.07 16.94 16.92 
9 eee 1 ip a Oe ae ere | ee OP ee eee 
10 re 21.03 21.03 21.13 16.94 16.94 
11 Corn stover ........ ALU fon casacane BO “Aixvaeens<e GEE Acavannmews 
12 eee 21.03 21.03 18.87 17.01 17.16 
13 Timothy hay ....... 7 Ae eee BESOe vwescawas% lS ee ere 
14 Timothy hay ....... 20.83 20.72 21.90 17.05 16.99 
15 Cowpea hay ........ is | i BER RD Eee BBtEE. Bs escnaines 
16 Cowpea hay ........ 21.23 21.35 25.64 19.00 18.93 
17 Clover hay ......... 2 a eee ee BEE Cisvacouase R7LWe Avaacuacicns 
18 oe Oe 21.72 21.60 23.40 18.08 17.93 
IV. | | VI 
Pot oe | : 
No. Treatment. Nitrate Average | Nitrate e | Nitrate Average 
Mg. N. | Mg. N. Mg. N. | Mg.N. | Mg. N. 
SIE, Gy es oe nin chs -) ee Cer TR eS Ree Bee Le ae 
2 Sree 20.58 20.85 21.16 | 23.98 23.88 
3 Horse manure . }) @ SS errr eee | i ae Spree 
+ Horse manure . 19.87 19.52 22.06 24.13 24.78 
5 Cow manure ... 8 See > el SEP Ops Pe Ss | ly Bee 
6 | Cow manure... 20.43 21.17 | 22.08 | 26.59 26.70 
7 Rotted manure . Sh 2 See ae fF Ree | 2 aN ae 
8 Rotted manure . 20.27 21.66 | 23.15 25.98 25.91 
Oat straw .. ty Reena = < sean os a Siem 
10 I ci edin one bts ee cuwea & & 20.55 22.06 | 25.06 24.08 
11 | Corn stover .. CE eee ie eT a ete fe Se ee 
12 | Corn stover .. -| 21.16 20.53: | 22.06 23.91 24.88 
13 | Timothy hay ....... | be Eee | 20.13 |.......... ee Ss ae eee 
14 Timothy hay .......} 21.43 20.85 | 21.90 | | 24.78 24.69 
NS ee ae 5 en eee Hee ae Ree eR een Se Bas sare 
16 | Cowpea hay ........ 23.10 22.83 | 23.79 | 26.56 26.45 
SF UME ERY cassyeces] 2RABE Jococa swans | 21.47 |...,.. 20 eel Rae 
18 | Clover hay .........| 21.70 | 21.67" | 22:51 | 27:27 26.93 


It is interesting to note that the manure which exerted the greatest 
effect on ammonification showed also comparatively large effects on nitri- 
fication, while the legume hays which showed lesser effects on ammoni- 
fication than the manures gave a greater influence on nitrification. Just 
why this should be the case is difficult to determine as ordinarily mater- 
ials which favor ammonification in field soils will favor also nitrification, 
unless the amounts of organic matter added are so large that nitrification 
is entirely inhibited. It seems to be a matter of considerable doubt at 
present whether it is possible to add sufficient organic matter to field soils 
to prevent nitrification. However that may be, it is apparent here that 
nitrification was not restricted by any of the maximum applications of 
the common materials used and ammonification was increased as de- 
scribed, hence it might be expected that the effects would be in the same 
direction for both processes. It is possible, however, that different mater- 
ials might increase both processess, but to different degrees, 

It is important to note, however, from these results that the common 
humus-forming materials, such as are used on the farm when applied in 


rea RAY IPR IIS SY 


a 


PO 


INFLUENCE OF N-C RATIO IN HUMUS ON BACTERIA. 65 


maximum amounts did not depress the nitrifying power of the soil, at 
least of this particular soil. On the other hand, there was an increase in 
nitrification to a more or less pronounced extent with the different mater- 
ials. In the case of soils containing more organic matter or material of a 
narrower nitrogen-carbon ratio, it is difficult to predict the effect, but in- 
asmuch as organic matter in such large amounts as were used here, par- 
ticularly in the case of the leguminous green manures, would not be used 
unless the soils were low in nitrogen, it seems safe to say that there is no 
danger of restricting nitrification in soils by additions of amounts of or- 
ganic matter such as would be used in the field. 

In general from these experiments it is apparent that nitrification was 
increased by additions of organic materials such as are made on the 
farm, and these increases were independent of the nitrogen-carbon ratio 
in the materials, although there were some indications that the materials 
of a narrower ratio gave a greater effect than those of a wider ratio, but 
the results were not conclusive. Inasmuch as the latter possibility is the 
opposite of the case with ammonification, it is apparent that more difi- 
nite results must be secured before any conclusions should be drawn. 


THE AZOFICATION EXPERIMENTS. 


The samples drawn on the six dates mentioned previously were tested 
for their azofying or nitrogen-fixing power by the fresh-soil method. At 
the first sampling, mannite (5 gm. per 100 gm. of soil) was used and at 
the later dates dextrose was employed, being added from solution at the 
rate of 3 gm. per 100 gm. of soil. 

The incubation period was eleven days, except in the case of the sec- 
ond sampling when the tests were allowed to incubate fourteen days. 

The complete results of the tests are given in Table IX and the sum- 
marized results appear in Table X. 

As might be expected, there were considerable variations in the re- 
sults of the duplicate determinations. The method used for the deter- 
mination of total nitrogen does not permit of the estimation of such small 
amounts of nitrogen as sometimes represent the nitrogen fixation. In 
some instances a smaller amount of nitrogen was actually found after 
the incubation period, but it was hardly possible for any loss of nitrogen 
to occur and hence such results should be attributed to the fact that the 
method is not accurate for small amounts of nitrogen. These low re- 
sults are eliminated from the averages and are interpreted merely as rep- 
resenting, therefore, the absence of any azofication. 

In calculating the results, the total nitrogen present in the soils in the 
tests before incubation was estimated and the nitrogen present at the end 
subtracted to determine the amount of nitrogen fixed. A slight error is, 
of course, introduced here in case not all of the mannite or dextrose add- 
ed was used by the bacteria when the unused portion would be included 
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TABLE IX. 
AZOFICATION. 
| I. IL. 
December 24. January 7. 
Pot Lab. | N.in Orig.| N. after N. fixed ; Average N. after N. fixed {| Average 
No. No. Soil Mg. |incub. Mg. Mg. Mg. lice Mg. Mg. Mg. 
' ' 
1 1 98.80 99.50 oF fecveresver } 110.10 ESO Fa sacs nicest 
ae 2 98.80 98.80 .00 35 | 110.20 1.40 6.35 
2 3 98.80 102.30 I Perey ree. | 104.40 Due Seveseveece 
> 4 98.80 100.90 2.10 2.80 | 105.80 7.00 6.30 
3 5 106.56 110.80 GBD feccncscess 115.70 D.86  feneseccecs 
is 6 106.56 107.20 . 64 2.44 115.70 9.14 9.14 
4 7 106.56 107.20 . ie Saeeerrr 115.00 8.44 Jocccccces ° 
oe 8 106.56 105.10 —1.46* -64 115.70 9.14 8.79 
5 9 107.62 110.10 B.4B focccccccse 119.90 SRM fecccvceses 
om 10 107.62 111.50 3.88 3.18 115.00 7.38 9.83 
6 11 107.62 110.10 BGO fecccscsves 118.50 POLES he kesanssss 
in 12 107.62 111.50 3.88 3.18 115.70 8.08 9.48 
7 13 111.32 111.50 . 2 ere 117.80 2, ae rere 
_ 14 111.32 111.50 18 -18 122.80 11.48 8.98 
8 15 111.32 105.80 SRBC DE” feces vs sice 119.90 GidS  feccsccscce 
sii 16 111.32 113.60 2.28 2.28 121.40 10.08 9.33 
9 17 100.97 104.40 Pe Aer ee 105.80 SS eee 
cn 18 100.97 107.20 6.23 3.83 104.40 3.43 4.13 
10 19 100.97 100.20 mt See” Ine vecass ew 112.90 RECOe idawsicesnGas 
a6 20 100.97 101.50 53 <38 108.60 7.63 9.78 
11 21 103.23 105.80 i a Ser er 109.40 St A Bares 
= 22 103.23 107.90 4.67 3.62 111.50 8.27 | 7.22 
12 23 103.23 100.90 > »  aererr reer. 108.60 OE aE ES 
ae 24 103.23 106.50 3.27 2.80 111.50 8.27 | 6.82 
13 25 100.75 103.00 Bee Box2es00004 105.80 Je ge BAR 
ws 26 100.75 105.10 4.35 3.30 114.30 13.55 | 9.30 
14 27 100.75 102.30 Spee Basceseaves 108.60 Tse laudegecens 
foes 28 100.75 107.20 6.45 4.00 109.40 8.65 8.25 
15 29 107.55 108.60 Ce Bese scaanas 112.20 Se: daccieenca’ 
ate 30 107.55 107.20 — .35* 1.05 112.90 5.35 | 5.00 
16 31 107.55 107.20 ae et eee 111.50 Beee. ictcu wwe us 
oe 32 107.55 107.20 oe a Se 112.20 4.65 | 4.30 
17 33 107.03 110.10 SS eae 111.50 he Pee ee 
- 34 107.03 103.00 —4.03* 3.07 108.60 ey a 3.02 
18 35 107.03 108.00 -, | i REE o". 112.90 Se Avacsuneae ° 
le 36 107.03 107.20 a7 By 115.70 4.47 | 5.17 
| III. | IV. 
January 28. February 12. 
Pot | Lab. | N.in Orig. | N. after | N. fixed Average N. after N. fixed {| Average 
No No. : Soil Mg. |incub. Mg. | Mg. Mg. _incub. Mg. Mg. Mg. 
| ' 
1 1 98.80 | 102.30 oe nN | 102.30 2 9 ee 
“2 2 98.80 111.50 12.70 .10 100.90 2.10 2.80 
2 3 98.80 105.80 Se erry 98.80 < \e SP RS Are Sees 
es 4 98.80 104.40 5.60 6.30 107.20 8.40 | 4.20 
3 5 | 106.56 | 122.10 BBcBS fe accacens 110.80 a) Se Aer . 
ca. | 6 | 106.56 116.40 9.84 12.69 107.90 1.34 | 2.79 
4 | 7 | 106.56 | 116.40 DIE fhecencctces 112.20 | Se RS eer 
= | 8 106.56 115.70 9.14 9.49 109.40 | 2.84 | 4.24 
5 9 | 107.62 121.30 ek 2 eee 111.50 | SE APeer re 
“< 10 107.62 117.10 9.48 11.58 | 117.80 | 10.18 | 7.03 
6 | 11 107.62 108.20 a SO ee | 115.00 | Pim. iviveaunanae 
os 12 107.62 119.20 11.58 11.58 111.50 3.88 | 5.63 
7 13 111.32 117.10 Sw Liss annanes 115.70 Ee eS ee . 
és 14 111.32 120.60 9.28 gS 112.90 7.58 | 2.98 
8 15 111.32 122.80 SSSn Snetiaeanad 121.30 Se BS 
oe 16 111.32 131.20 19.88 10.68 115.70 4.38 | 7.18 
9 17 100.97 112.20 Je a) Srey 115.70 TS Ge Aree 
es 18 100.97 112.90 11.53 11.58 111.50 10.53 | 12.63 
10 19 100.97 117.10 SED beceancaces 104.40 OS ee er 
- 20 100.97 | 112.90 11.93 14.03 107.20 6.23 | 4.83 
11 21 103.23 | 107.20 Bos.  Vsuwavnease 108.60 a A) Ee ae 
or 22 103.23 | 105.80 2.57 3.37 104.40 Oe i ga | 3.27 
12 23 103.23 | 111.50 Bier \tocucaweene 112.90 Eh aa Res eo 
= 24 {| 103.23 | 109.40 6.17 | 7.22 107.90 4.67 | ie 
13 25 | 100.75 | 105.80 BAS 8. ce chines 104.40 a ee ete 
a 26 100.75 104.40 3.65 | 4.35 108.60 | 7.85 | 5.75 
14 27 100.75 | 103.00 | 1 are ! 196.50 | a ie Eee ee 
a 28 100.75 | 108.60 7.85 5.05 | 104.40 3.65 | 4.70 
15 29 107.55 | 112.90 ae eee ee 110.190 | Bien Uo ween agxee 
i 30 107.55 115.00 7.45 6.40 105.10 | -~-2.45* 1 2.55 
16 | 31 107.55 | 116.40 | Fl See 112.90 | Be a ee eee 
re | 32 107:355 {| 212.20 | 4.65 | 6.75 112.20 | 4.65 | 5.00 
17 | 33 107.03 | 113.60 | "3. | A OA ere 110.80 | fn Ree eee 
% | 34 107.03 | 114.30 | 7.27 | 6.92 108.60 | 1:57 7 2.67 
i | mi fee | eee tou |.......... oe Sa ee eet : 
Og ee i ee eS ae Se eg 
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TABLE IX. (Continued). 


| V. VI. 
| February 26. March 12. 
Pot | Lab. |N.in Orig.| N.after | N. fixed ; Average | N. after ; N., fixed Average 
No. | No. Soil Mg. | incub. Mg. Mg. Mg. incub. Mg.} Mg. Mg. 
' ' ' 
1 98.80 103.70 Re Biincaeanes | 106.50 ee, et See ee 
2 98.80 100.90 2.10 3.50 | 105.10 6.30 7.00 
2 3 98.80 103.70 Cig a | 105.80 Fe: Aesccavenms 
4 98.80 103.00 4.20 4.55 | 107.20 8.40 7.70 
3 5 106.56 108.60 a ere ee | 117.10 TY ay Beers yee a 
6 106.56 110.10 3.54 2.79 | 118.50 11.94 11.24 
4 7 106.56 107.20 a SR ee i. 215.60 O.i84. Liasccnseuds 
8 106.56 115.70 9.14 4.70 | 118.50 11.94 10.19 
5 9 107.62 111.50 Deen Wes sia eee | 118.50 sie eee 
10 107.62 119.90 12.28 8.08 125.60 17.98 14.43 
6 1 107.62 119.90 WEG Bene ine cas 120.60 Lae | 3istenaaaes 
12 107.62 112.90 5.28 8.78 115.70 8.08 10.53 
7 13 111.32 115.00 BoE Gen chacasey 115.00 AF a er 
14 111.32 115.70 4.38 4.03 127.70 16.38 10.03 
8 15 111.32 113.60 Boe. PENS cmenees 122.80 bine Licaveunens 
16 111.32 118.50 7.18 4.73 127.00 15.68 13.58 
9 17 100.97 108.60 rie) a, SA Ra ae | 106.50 o> a eer 
18 100.97 108.60 | 7.63 7.63 | 108.60 7.63 6.58 
a 19 100.97 105.10 Of ae | 104.40 Dae tesa aeenn© 
¥ 20 100.97 111.50 10.53 7.38 112.90 11.93 7.66 
11 21 103.23 107.20 (2 gp terre 111.50 ey SO Ee ee 
22 103.23 110.10 6.87 5.42 106.50 3.27 $37 
12 23 103.23 107.90 MAGE News nic antes 109.40 Gaur (isan caewes 
24 103.23 110.80 ees 6.12 110.10 6.87 6.52 
13 25 100.75 107.20 a eee 105.80 We lencagwusiee 
26 100.75 104.40 3.65 5.05 112.90 12.15 8.60 
14 27 100.75 107.20 Ba: c'0 nawiaee a 110.10 C00. isvesasncus 
28 100.75 112.90 12.15 9.30 109.40 8.65 9.00 
15 29 107.55 113.60 7 Sere 108.60 oe accede eta 
30 107.55 107.20 — .35* 6.05 110.10 2.55 1.80 
16 31 107.55 110.10 BOE Viceveccaies 108.60 al Peer 
32 107.55 107.90 35 | 1.45 | 112.20 4.65 2.85 
17 33 107.03 110.10 3.07 Roce shade | 109.40 Sa lsadapances 
aes 34 107.03 | 111.50 | 4.47 3.77 | 110.10 3.07 2.72 
18 35 107.03 | 110.10 | WO Noceke nae a | 112.20 > ae ae 
. 36 | 107.03 111.50 | 4.47 3.77 | 109.40 2.37 3.77 


verages. 


in the sample analyzed after incubation. In such a case the results would 
be slightly lower than they should be, hence the amounts of nitrogen 
fixed from the atmosphere may be too low, but that fact need not inter- 
fere with the interpretation of the results. 

Considering the results given in Table X, it is apparent that the addi- 
tion of various organic materials to the soil influenced to a considerable 
extent the fixation of nitrogen by non-symbiotic bacteria. In some cases 
the amount of nitrogen fixed in the eleven-day incubation period amount- 
ed to one-sixth of the nitrogen originally present in the soil. 

The soils receiving cow manure and oat straw showed for the most 
part the greatest increase in azofying power and the influence of the rot- 
ted manure was only slightly less than that of the cow manure. 

The horse manure gave less effect than the other manures and about 
the same in most cases as the timothy hay. The corn stover also affected 
the azofying power of the soil to about the same extent as the horse man- 
ure. 

The cowpea hay and the clover hay exerted the smallest effect of any 
of the materials on the azofying power of the soil. 
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It appears, therefore, from the results as a whole that the nitrogen- 
carbon ratio of the various humus-forming materials applied to the soil 
was of little significance from the standpoint of the effect on. azofication. 
The influence of the materials was exerted regardless of the nitrogen- 
carbon ratio. Thus the oat straw of a wide ratio and the cow manure of 
a narrower ratio had about the same effect. Similarly the timothy hay 
and the horse manure of wide and narrow ratios respectively had con- 
siderable influence. Again the rotted manure of a very narrow ratio ex- 
erted as much effect on azofication as the timothy hay which had a wide 
ratio. 


TABLE X. 
AZOFICATION. 
a. II. III. 
Pot Treatment. eee NI 7 sa ee Yee 
No. ‘ N. fixed Average | N. fixed { Average| N. fixed Average 
Mg. Mg. Mg. Mg. Mg. Mg. 
| ~ i 
! } ' 
1 ) bwas visa ue coms aa SS 2 eae Doe. Bs sadeacn 
z RE Re ae 2.80 2.57 6.30 6.32 6.30 | 7.20 
3 Horse manure ..... OS ae Serer a eer OE ee Bee eer 
o Horse manure ..... 64 1.54 8.79 8.96 9.49 | 11.09 
5 Cow manure ....... De, Bbesoonwak < | Se Pe ee EE Ue eee ere 
6 | Cow manure ....... 3.18 3.18 9.48 9.65 11.58 | 11.58 
7 Rotted manure ..... | eee Sf 2 a a 
8 Rotted manure ..... 2.28 1.23 9.33 9.15 10.68 | 9.10 
9 PE, cscccueues ee. ree eee fs) Ee eae 
10 ee 53 2.18 9.78 6.95 14.03 | 12.80 
11 Cre SROVET 2.050005 Ja eee Uf at Sa ee on ee RR 
12 Corn stover ........ 2.80 3.21 6.82 7.02 7.22 | 5.24 
13 Timothy hay ....... SS 2S Aer Fe! ea Rime Visa esinaieuies 
14 | Timothy hay ....... 4.00 3.85 8.25 8.77 5.05 | 4.70 
15 COWER DRS occscece Eye: dsskescaexe Be. Ecasapasan® eS See 
16 NS ee (eee ia 1.05 ° 4.30 4.65 6.75 | 6.57 
17 eS eee Bie Biasdvaew ns Bite Giscsnvsanoe oy Tet ees Ser 
18 | Clover hay .........| 57 162 | 5.17 4.09 | 3.02 | 4.97 
| IV. V. | VI. 
Pot Sistine en ee See eee eee, | 
No. | ee N. fixed Average | N. fixed | Average| N. fixed | Average 
Mg. Mg. Mg. | Mg. Mg. | Mg. 
' ! } 
1 ENS Ins ssid Sse wb Sbeesa a are Se TO: Nine sane 
ae | ee 4.20 3.50 4.55 ee sep. 7285 
3 Horse manure ..... Baer Wsvievehecave oe ee eee | es Saree 
4 Horse manure ..... 4.24 3.51 4.70 3.74 | 10.19 | 10.71 
5 | Cow manure ....... LS ee hat Se eee i} ES Clitwra casas. 
6 Cow manure ....... 5.63 6.33 8.78 | 8.43 | 10.53 12.48 
7 Rotted manure ..... Dane. Gevcdavanve a eee | | 2 eae 
8 | Rotted manure ..... 7.18 5:08] 4:73 4:38 | 13.58 11:80 
9 Oe RET oh a Aree | ee eee SS J Sa 
10 SE arr 4.83 Se - e 7.38 7.50 | 7.66 7.12 
11 Corn stover ........ SS . dan Rees See lsceuaruawe Dead Weatwackace 
12 Corn stover ........ 7.17 5.19 6.12 5.79 6.52 6.14 
13 Timothv hay ....... ie Pee 3) a BR | de SAS 
14 Timothy hay ....... 4.70 5.22 9.30 7.17 | 9.00 8.80 
15 Cowpea hay ........ BEOe Bessie haawew ae Ree OED SAAS Saas 
16 Cowpea hay ........ 5.00 3.77 1.45 3.75 2.85 | 2.32 
17 | Clover hay ......... Be Wicwsneames Bere Ao cwceeacen = a eee 
18 | Clover hay .........] 4.47 3.57 | 3.77 3.77 | 3.77 | 3.24 


To just what influence of the materials the difference in results was 
due would be difficult to determine. It may be that the difference in 
chemical composition of the substances would explain the results. This 
was the conclusion reached in the ammonification and nitrification experi- 
ments and would probably hold true here. It is well known that organic 
compounds of different composition exert quite different effects on the 
azotobacter and hence the results from the use of the materials employed 
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here might be expected, to the extent at least that the different materials 
had various effects. The important point in this connection which these 
results bring out is that the character of the compounds present appar- 
ently determined the results and the ratio of the nitrogen to carbon pres- 
ent gave no indication of the effects to be expected. 

It is interesting to note further that the leguminous hays had much 
less effect on the azofying power of the soil than the other materials. 
Especially is this point worthy of mention because of the relative effects 
of the legumes and non-legumes for green manures. If the latter mater- 
ials will increase the fixation of nitrogen from the atmosphere by the 
non-symbiotic azotobacter sufficiently to supply as much nitrogen for the 
use of crops as is added in legume crops, such materials might frequently 
be preferable for use on soils. It is impossible from these results to as- 
certain whether such is the case or not. Further results must be secured 
with complete field experiments before definite conclusions can be 
reached. 

These results do show, however, that the non-legumes increased the 
azofying power of the soil to a much greater extent than the legumes. 
This greater effect was probably due as has been mentioned to the chemi- 
cal composition of the materials. In this case the effects are in the same 
direction as the widening of the nitrogen-carbon ratio, and it might seem 
that the ratio of the materials would indicate the influence on azofication, 
but inasmuch as the manures of narrower nitrogen-carbon ratio had as 
much effect as the non-legumes and straws it would evidently not be 
warranted to draw any conclusion regarding the effects of the ratio in 
materials added on azofication. 

In general then the results show that azofication was favored by man- 
ure to a large extent; that straw, stover and non-leguminous hays had 
almost as great an effect as the manures, although of a much wider nitro- 
gen-carbon ratio, and that the leguminous hays had the least effect of any 
of the materials used in the experiment. Apparently, the nitrogen-carbon 
ratio of the materials used was of little or no significance in indicating 
their influence on azofication and differences in effects were due rather 
to variations in the chemical compounds present. 

There are indications, however, that non-leguminous hays and straws 
may increase azofication in soils to a large enough extent to make their 
use more profitable than that of legumes which although adding nitrogen 
to the soil are somewhat more expensive to use. 

These conclusions apply, of course, as must be emphasized again, 
only to this particular soil type and when the materials are used in 
amounts such as were employed here, that is, in maximum field applica- 
tions. The results are, therefore, directly applicable to farm conditions 
on this soil type and may indicate what will occur on similar soils. Fur- 
ther experiments on the comparative effects of legumes and non-legumes 
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as green manures from the standpoint of their influence on azofication 
are extremely desirable and may lead to important practical conclusions. 

One point further is worthy of mention in connection with these ex- 
periments and that is that the results secured with dextrose were much 
more satisfactory than those with mannite. The latter material has been 
considered the best for such work, but it is possible that the cheaper 
dextrose may serve as well or even better. The point is worthy of con- 
sideration in connection with extensive azofication experiments. 

Comparing the azofication results as a whole with the ammonification 
and nitrification results, it appears that there was little similarity in the 
effects of the different materials on the different processes. Azofication 
was increased in some cases to a greater extent by some materials than 
by others, whereas the opposite was the case with ammonification and 
nitrification. 

This fact brings up another important point in connection with the 
use on soils of organic materials which increase azofication to the great- 
est extent. Is it necessary that ammonification and nitrification should 
also be considered? This is a question which must be left for future 
rather extensive experiments to settle, and involves the whole question of 
the form in which plants may assimilate their nitrogen, a question which 
is apparently far from definitely settled as yet. 

THE Crop YIELDs. 

The crop of oats on the pots, the duplicates of which were kept bare 
for bacteriological tests, was harvested just prior to maturity, dried, 
ground and analyzed for total nitrogen. The green and dry weights of 
the crops are given in Table XI and the nitrogen content of the crop to- 
gether with the calculated removal of nitrogen from the soil are given in 
Table XII. 


TABLE XI. 
THE CROP YIELDS. 

Pot Treatment. Green Weight Average Dry pb ae — 
No. P Gm. | Gm. 

“at 7 Re Ay dene TS ee Thee 
20 eres 207.0 | 198.00 61.5 60.05 
21 | Horse manure ...... 112.9 1, coteeeens 30.3 | Sena 
22 | Horse manure .. 119.7 116.30 32.0 31.15 
23 Cow manure .. ot eee ee 70.6 aces 
24 Cow manure .. 218.2 226.30 63.0 ; 66.80 
25 Rotted manure ..... 2 fee ST a, eee oe 
26 Rotted manure ..... 298.0 289.00 88.9 87.05 
27 Pe rer oe 8: tO seen oS a ee 
28 lf Ee 100.6 107.95 28.9 30.70 
29 Corn stover ........ _ >) Sa ee oe _ eS sees 5 
30 Corn stover ........ 180.7 181.80 52.6 51.30 
31 Timothy hay ....... ese § ~ seeesy i eS i es 8 
32 | Timothy hay ....... 151.1 147.15 45.3 44.95 
33 Cowpea hay ........ OS ae ee ee Lt Ae aa ro 
34 Cowpea hay ........ 244.6 252.55 72.8 72.60 
35 lever BAF. cc csacc I eee ar Se, ee ere 
36 TS ee 224.9 224.90 64.0 63.80 


From examining the yields in Table XI, it appears that the rotted man- 
ure, the cow manure and the leguminous hays increased the crop yields to 
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a considerable extent. The horse manure depressed the yield over that of 
the untreated soil. The plants in these pots were weak and turned yellow 
soon after they appeared above the surface of the soil, but after about 
ten weeks this bad effect from the horse manure disappeared and the oats 
showed a more vigorous growth. If the experiment had continued 
longer, it is probable that the yields would have equalled those secured 
with the other materials. The depressing action was probably due to the 
introduction with the heavy application of manure of chemical substances 
which were injurious to the young plants. 

All of the non-legume hays, straw and stover materials with a wide 
nitrogen-carbon ratio gave no increase in the crop yields. In fact, an 
actual depression in yields occurred. These materials apparently did not 
decompose sufficiently rapidly to aid the crop grown or the nitrogen con- 
tent of the soil was more depleted than was believed. At any rate, the 
legume hays increased the yields, a fact which would indicate that the 
nitrogen factor on these soils was important and that the non-legumes did 
not increase the fixation of nitrogen from the atmosphere sufficiently to 
keep the oats supplied with that element. 

The experiment, of course, was continued hardly long enough for 
definite crop results to be secured and a second crop was planted after 
the first was removed in order to determine whether different results 
would be secured, allowing a longer time for the organic material to de- 
compose. 

It appears from these first results, however, that the nitrogen-carbon 
ratio of the organic materials was of considerable significance in deter- 
mining the effects of the materials used on the crop yields from this par- 
ticular soil. In every case those substances with the narrower nitrogen- 
carbon ratios increased to the greatest extent the crop yields, while the 
materials of wide ratios decreased the crop yields. The nitrogen factor 
was evidently very important on this particular soil. 


TABLE XII. 
THE ANALYSES OF THE CROPS. 
Pot N. in | Average{ C.in Crop| Average | N—C |N.rem’d|Average 
No. Treatment. Crop %| % % % | Ratio | Gm. | Gan 
| | 
' ' 1 
10> D CROORS a as'ic0cineaeas 734 ee ee eh ee | .430 ete 
2¢ ee 730 732 37.637 38.533 .449 -439 
21 Horse manure ......]| .818 or PS a .248 aaa 
22 Horse manure ...... .861 -839 | 37.083 39.497 .276 .262 
23 Cow manure ....... 734 vem | Me” ED kxens .518 re 
24 Cow manure ....... .734 734 | 45.372 45.599 462 | .490 
25 Rotted manure ..... .776 aries Lj Se re -661 eae 
26 Rotted manure ..... .797 . 786 37.367 38.890 709 -685 
27 Oat straw ... ae 764 Me Ki Ry. a ee 248 eee 
28 Oat straw ... 771 767 39.140 38.943 .224 .236 
29 Corn stover . 783 BOTS 1h - cecsinss .392 and 
30 Corn stover . 797 790 37.254 38.225 419 -405 
31 Timothy hay 709 co ae eee 316 ae 
32 Timothy hay . 703 706 39.985 39.319 318 Dy 
33 Cowpea hay -903 ae Serene Wo oN awes -654 ence 
34 Cowpea BAY ...0.002s - 868 .885 38.808 38.590 632 - 643 
35 Clover Bay <cisccces] 5805 aes AA AIO) cicees 512 oe 
36 Clover hay .........| .836 -820 44.443 43.427 534 | .523 
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In Table XII, it is seen that the percentage of nitrogen in the oats 
varied considerably, the tendency being for the lowest yields to show the 
highest nitrogen content. The largest crops, however, removed the great- 
est amount of nitrogen from the soil. 

The crop yields as a whole show that materials such as were used in 
this work may exert a considerable influence on bacterial activities and 
not show the same effect on the crop grown. The effects on subsequent 
crops, however, would be a more definite indication of the relative values 
of these materials, because of the need of time for decomposition. In 
other words, it would not be expected that the effects of such materials on 
crops would be exerted as soon as effects on bacterial activities. The lat- 
ter must always precede the former. Hence some time should elapse af- 
ter applying organic materials before the effect on the crop grown is de- 
termined. If the effects of materials of wide nitrogen-carbon ratio are 
dependent to any extent on the increase in nitrogen content of the soil 
through non-symbiotic nitrogen-fixation, time should be allowed for this 
process to occur before the comparative effects on crop yields are tested. 
It is not regarded, therefore, that these crop yields present facts which 
oppose in any way the possibility of sufficient azofication occurring in 
soils treated with non-legumes to equal the effects caused by legumes. 


THE SECOND Crop YIELDS. 

The second crop of oats grown on the same soils as in the case of 
the first crop was harvested before it had attained any considerable 
growth. The yields given in Table XIII, however, show some interesting 
relations to those of the first crop. 


TABLE XIII. 
THE SECOND CROP YIELDS. 
Pot Green Weight Average Dry Weight Average 
No. Treatment. | Gm. m. Gm. | Gm. 
Se 7 ae | ae Saar ven ae. vanes 
eR Ce ee 32.3 29.50 729 7A 
21 Horse manure ....../ _ a ae 11.6 f (Keaee 
22 | Horse manure veveee| 57.0 52.35 12.7 12.15 
23 Cow manure ....... SS (esse 12.8 i res 
24 | Cow manure ....... | 57.95 | 53.92 15.0 | 13.9 
25 Rotted manure ..... | Le a re > i (ney es 
26 | Rotted manure .....| 39.5 36.75 9.2 | 8.3 
27 Oat straw .. 41.7 oC etlntets 10.0 Sse 
28 Oat straw .. 49.55 45.62 12.2 4.1 
29 Corn stover ‘ 56.65 uses cay = a 6" Seas 
30 Corn stover ........! 43.2 49.92 10.0 | 10.75 
31 Timothy hay ....... a er re _, Ja a 
32 Timothy hay ....... 43.4 41.00 11.2 | Be | 
33 Cowpea hay ........ a Se es . a re Oe 
34 | Cowpea hay ........ 51.1 44.20 12.2 | 10.6 
35 OREO 6.000 4-654 St a a ee oe oat ee 
36 | Clover hay ......... 41.15 42.82 | 9.5 9.5 


In this case, all the treatments increased the oats growth, but the 
horse and cow manures gave the largest effect here, while the rotted man- 
ure gave a smaller effect than any of the other materials. With the first 
crop, the rotted manure gave the greatest influence, while the cow manure 
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hardly increased the yield and the horse manure depressed the oats 
growth. Evidently the cause of the injurious action of the horse manure 
had disappeared before the second crop was grown, and only beneficial 
effects from the material were in evidence on the second crop. 

The rotted manure had apparently lost much of its value for increas- 
ing the crop yield by the time the first crop was removed, and had little 
effect on the second crop. 

The oat straw and corn stover gave greater yields than the legume 
hays and the timothy hay had only a slightly smaller effect than the clover 
and cowpeas. It is apparent, therefore, that the conclusion drawn in con- 
nection with the first yields was well warranted. The non-legumes here 
seemed to have a greater or as great an effect on the crop as the legumes 
Evidently the nitrogen fixed by azofiers was sufficient to supply the sec- 
ond crop of oats with as much of that element as was furnished by the 
legumes. Of course, there was probably some neutralizing action here as 
might be expected. If the first crop of oats took out much more 
nitrogen where the legumes were used than where the other ma- 
terials were applied, the second crop might be not as_ well 
supplied as in the case of the non-legumes because of a shortage of nitro- 
gen. Such could hardly be the case here, however, to more than a negli- 
gible extent, hence the conclusion seems justified that non-legumes may 
be as beneficial as legumes on crops grown, provided sufficient time is al- 
lowed to elapse between the application of the materials and the growth 
of the crop, for decomposition to occur and the fixation of nitrogen from 
the atmosphere to take place. 

There is much closer agreement between the effects of the various 
materials on bacterial activities and on the second crop of oats than with 
the first crop. It will be recalled that the first crop of oats was seeded as 
soon as the substances were added, and it appears from these results 
that the influence of many of these common humus-forming substances on 
crops is much greater if time is allowed for decomposition and for other 
affected bacterial processes to occur before the crop is grown. 

The nitrogen-carbon ratio of the various substances did not seem to 
be of as much importance in determining their effect on the second 
crop of oats as with the first crop, although there were indications that 
the materials with wider ratios had more effect than those with narrower 
ratios. 

SUMMARY. 

The results of these experiments on this particular soil type lead to 
the following conclusions. 

1. Applications of the common humus-forming materials in maxi- 
mum amounts for farm conditions and in a dried condition increased bac- 
terial activities, ammonification, nitrification and azofication to a consid- 
erable extent. 
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2. The manures, horse manure, cow manure and rotted manure gave 
the greatest effect on ammonification in most cases, although timothy hay 
surpassed the horse manure and cow manure in the extent of its effect in 
several instances. The oat straw and corn stover had a lesser effect than 
the manures and the legume hays, clover and cowpeas showed the least 
effect on ammonification of any of the materials used. 

3. Increases in ammonification due to the applications of humus- 
forming materials were independent of the nitrogen-carbon ratio of the 
materials added and were probably dependent on the chemical composi- 
tion of the substances. 

4. The relative effects of the various materials used would undoubt- 
edly be somewhat altered for field conditions, because of the fact that 
they were applied in a dried condition. Especially in the case of the 
manures would the influence on ammonification be accentuated because 
of the actual addition of bacteria to the soil. 

5. The dried-blood-fresh-soil method gave better results for ammoni- 
fication than the casein-fresh-soil method. The latter gave better dupli- 
cate results, but the differences between different soils were not nearly so 
pronounced. Some further modification of the casein method seems 
necessary for its general use. 

6. Nitrification was increased in much the same way as ammonifica- 
tion, by the various organic materials. The leguminous green manures 
exerted, however, somewhat greater effects than the manures, and also 
more influence than the non-legumes. These results were the opposite of 
those secured with ammonification, but the differences were not great 
enough to permit of definite conclusions. 

7. Increases in nitrification brought about by the various materials 
were apparently independent of the nitrogen-carbon ratio in the sub- 
stances. Indications of a greater effect of materials of a narrower ratio 
over those of a wide ratio cannot be considered conclusive. 

8. Azofication or non-symbiotic nitrogen fixation was favored by 
manure to a large extent. Straw, stover and non-leguminous hays had 
almost as great an effect as the manures and the leguminous hays had the 
least effect of any of the materials used. 

9. The nitrogen-carbon ratio of the materials employed were of little 
or no significance in indicating their effects on azofication. There were 
indications, however, that non-legumes and straws might increase azofica- 
tion in soils to a large enough extent to make their use more profitable 
than that of legumes which add nitrogen to the soil, but are somewhat 
more expensive to use. 

10. Further experiments carried on under field conditions to ascer- 
tain the relative effects of legumes and non-legumes on azofication are 
extremely desirable and results secured may be of great practical im- 
portance. 
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11. Dextrose gave better results in the azofication experiments than 
mannite and may, therefore, be substituted for the more expensive ma- 
terial. 

12. There was little similarity between the effects of the different 
organic materials on the different bacterial processes. Is it necessary 
that the material which increases ammonification, nitrification and azofi- 
cation be chosen for use in soils, or shall an increase in azofying power 
be sufficient to recommend the substance? This question cannot yet be 
answered. 

13. The manures and legumes increased the first crop of oats, ex- 
cept in the case of the horse manure, which apparently exerted an injuri- 
ous effect on the crop in its early stages of growth. This injury was dis- 
appearing when the oats were harvested and might have been unnoticed 
had the crop been grown for a longer period. 

14. The substances with wide nitrogen-carbon ratio decreased the 
crop yield while those of narrow ratios gave increases. The nitrogen 
factor was evidently very important on this soil. 

15. The nitrogen-carbon ratio of the organic materials seemed to be 
of importance in determining the influence on the first crop of oats. 

16. If opportunity is to be given for non-legumes to exert as good an 
effect as legumes, by increasing azofication to a sufficient extent to off- 
set the nitrogen supplied by the legumes, the organic materials must be 
allowed sufficient time for considerable decomposition to occur before a 
crop is grown to test the effects. 

17. The influence of the various substances applied to the soils was 
noted on a second crop of oats, but the relative effects were different. 
The non-legumes had as great an influence as the legumes and hence pre- 
vious conclusions are confirmed that with the use of the former materials 
sufficient time must be allowed to elapse for azofication to occur if as 
beneficial effects are to be secured as with legumes. 

18. The nitrogen-carbon ratio of the materials applied to the soil did 
not seem to be of as much importance in determining the effect on the 
second crop of oats as in the case of the first crop. 
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CARBON AND NITROGEN CHANGES IN THE SOIL 
VARIOUSLY TREATED: SOIL TREATED WITH 
LIME, AMMONIUM SULFATE AND SODIUM NI- 
TRATE.* 


By R. S. Potrer AnD R. S. SNYDER. 


The importance of the organic matter in soils is universally recog- 
ized, but the rapidity with which this decomposes and is lost is hardly ap- 
preciated. It was recently pointed out by Swanson’ that 150 tons of 
vegetation were necessary to produce the organic matter in the surface 
of some typical Kansas soils. He also estimated that the least amount 
of organic matter which must be returned to these soils each year in ad- 
dition to the stubble and corn stalks, in order to maintain their present 
content of organic matter, was one ton. 

Therefore, studies on the rate of decomposition of the organic mat- 
ter are of interest. This among other things is the object of investiga- 
tions being carried on by us, and the following paper is the first of a 
series of reports on experiments with soil treated with various organic 
and inorganic fertilizers. In general the same points have been investi- 
gated, namely: loss of nitrogen as ammonia, evolution of carbon dioxide, 
and changes in the ammonia, ‘nitrate, nitrogen and carbonate content. 
This report will be confined to the treatments indicated in the sub-title. 
The experimental work in connection with the work on stable and green 
manure is well under way, and will be reported when completed. 

Before the details of the experiment are taken up, the investigations 
of others, pertinent to this work, will be discussed briefly. 


. 


HISTORICAL. 
Loss of Nitrogen. 

There are on record but few reports of carefully controlled pot ex- 
periments showing the effect of lime on the loss or gain of nitrogen. 
Numerous field experiments have been carried out, and while in general, 
for practical purposes, field experiments give the more valuable data, yet 
it is more difficult to control the various factors and hence any effect 
noted is not certainly due to any one variable. 

In 1889 Schloesing ‘7 introduced into flasks, eight different soils 
which had previously been growing legumes. The atmosphere was re- 
newed weekly, and at the end of eleven months almost all of the soils 
showed a slight loss of nitrogen. In no case was there a gain of more 
than 0.01 gm. nitrogen per kilogram of soil. 

In 1891 Berthelot? found that clay soils when kept moist gradually 
lost nitrogen. He gives very few details in connection with his work. 


*From the Laboratory of Soil Chemistry of the Iowa State Experiment 
Station. 
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The most important results in connection with the loss of nitrogen 
due to the liming of the soil were obtained by Lemmermann *° and his 
collaborators. The general plan of their experiments was as follows: 
Lime was added to the soils at the rate of 0.6 per cent, 1.0 per cent and 
1.2 per cent. This corresponds to 6, 10 and 12 tons per acre.* Ammon- 
ium sulfate at the rate of 10 and 20 mg. per 100 gm. soil was used. Their 
general results and conclusions were as follows: 

There was a very slight loss of nitrogen when soils were treated with 
lime, the greater losses being with the higher amounts. With the heavier 
treatment of ammonium sulfate and lime there was a considerable loss of 
nitrogen, while with the smaller treatments, a very slight loss occurred. 
For practical purposes, then, the results of these investigations show that 
soils containing, or treated with large amounts of calcium carbonate, will 
lose part of their nitrogen; but, as the authors point out, such treatments 
as they have used will but seldom be used in practice. The method by 
which a loss of nitrogen was detected was simply the determination of the 
total nitrogen of the soil before and after incubation. Because of the 
slight differences necessarily dealt with, extremely accurate work was 
necessary. The above investigators used in all cases the average of eight 
nitrogen determinations. It is shown in the experimental part of this 
paper that soil treated with three tons of lime and one-half ton of am- 
monium sulfate per acre lost an appreciable quantity of ammonia nitro- 
gen, yet not enough to be detected by total nitrogen determinations. 


Volatilization of Ammonia from the Soil. 

Berthelot! placed moist soil in pots under bell jars in such a manner 
that the water which condensed on the bell jar ran into receiving vessels. 
The liquid thus. collected was analyzed for ammonia by distillation with 
magnesia, and the residue was analyzed for total nitrogen. Plants were 
grown in some of the pots. The soil alone, gave off a very small amount 
of ammonia and other nitrogen compounds. Still less nitrogen in the 
form of ammonia and other compounds was collected from the jars with 
the plants. 

Takeuchi *° carried out an interesting and significant experiment rela- 
tive to the loss of ammonia when ammonium sulfate is in contact with 
lime. Pure ammonium sulfate and lime were mixed with varying 
amounts of water. A current of air was passed through the mixture and 
then into standard acid. At room temperature but a trace of ammonia 
was given off. 

Hall and Miller * found that soils absorb a very small amount of am- 
monia from the atmosphere. Also more ammonia was collected in ves- 
sels containing acid when placed over fields recently manured with am- 


* Throughout this report, by acre is meant 2,000,000 pounds of soil. 
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monium sulfate and chloride than when placed over untreated plots. 
They state that in all their tests it was found impossible to keep the dust 
from accumulating in the acid vessels, so it appears possible that the 
increase of ammonia might have been due to the higher content of am- 
monia in the dust from the ammonia treated plots. 

Ehrenberg * found that when large quantities of ammonium sulfate 
and calcium oxide were applied to soils, there was a considerable volatil- 
ization of ammonia, which seemed to be influenced by the wind. It was 
found in the same year that lime might even increase the power of the 
soil to absorb ammonia.'’ In the following year it was found in other 
experiments’? that lime increased the rate of evaporation of ammonia 
from some soils, and decreased it with others. The procedure by which 
these results were obtained was to mix the soil with the lime and then 
pazs air through the mixture. 

It is thus seen that the data in regard to the action of lime relative to 
the evaporation of ammonia from the soil are very conflicting. None of 
the work thus far done has shown absolutely whether or not ammonia, as 
such, volatilizes from the soil alone and under the application of normal 
amounts of lime. 


Ammonia and Nitrate Transformation. 

The voluminous literature in connection with this phase of the sub- 
ject will not be gone into here as this investigation was not planned pri- 
marily to add anything new to the existing data on the subject. Such 
data as were taken have been mainly to correlate with the other results. 


Evolution of Carbon Dioxide. 

The importance of carbon dioxide in agriculture and its value as a 
plant food solvent, direct fertilizer, etc., has long been recognized. Many 
laboratory and field tests of the amount of carbon dioxide produced by 
the soil and present in the soil atmosphere have been made. Only those 
which have a direct bearing on the work in hand will be discussed. Form- 
erly the origin of the gas in the soil was thought to be the simple chemical 
decomposition of the organic matter in the soil, but Wollny *? has shown 
by experiments with sterilized soil, that practically all is due directly to 
the action of micro-organisms and the roots of higher plants. 

Stoklasa ‘* who did some of the first fundamental work on carbon 
dioxide production in soil, calculated that certain bacteria produce from 
two to two and one-half grams carbon dioxide per 100 gm. dry bacteria 
in one hour. Van Suchtelen 74 who gives an excellent and complete re- 
view of the work on carbon dioxide of the soil, measured the amount of 
the gas given off by various soils under different conditions and compared 
his results to the numbers of bacteria in the soil. A close relationship 
was found. His method was as follows: One kilogram of sand was 
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placed in an eight-litre flask and then 6 kg. of the soil on top of the sand. 
The carbon dioxide produced was measured by drawing air through the 
soil by means of a glass tube which reached through the soil down into 
the layer of sand. He found that the amount of carbon dioxide given 
varied somewhat with the amount of air passed through the soil, but there 
was less variation for the larger amounts than for the smaller amounts of 
air. It was found that much smaller amounts of carbon dioxide were 
given by soils completely saturated with water than soils somewhat below 
the saturation point. One-tenth of a gram of ammonium sulfate in 100 
gm. soil caused a 500 per cent increase in the carbon dioxide produced. 
Many other interesting and significant experiments were carried out, and 
such as are pertinent to our work (to be reported on later) will be dis- 
cussed at the proper time. 

In 1911 Lemmermann ® and associates published the report of an ex- 
tensive investigation on the action of calcium oxide and carbonate on the 
production of carbon dioxide in soils. The plan of their first set of ex- 
periments was as follows: One kilogram of the dry soil, after the admix- 
ture of the materials to be added, was placed in a flask of about twice the 
volume of the soil. After making up to 12 per cent moisture, 10 liters of 
air were passed through the soil for a short time daily and the carbon 
dioxide collected and weighed. In this set, various organic fertilizers 
were used in combination with the lime. Curiously, there were no soils 
untreated with the manures. Since this experiment has more to do with 
our later work it will only be stated here that in general the limed pots 
gave off more carbon dioxide than the unlimed after deducting for that 
bound by the calcium oxide. It was assumed in the case of the soils 
treated with the carbonate that none of the evolved carbon dioxide came 
from this carbonate directly. This certainly would not be the case if the 
soil were at all acid, and it is doubtful if this would be true in any case. 
Certainly it is a point which should be investigated. In the next series of 
experiments by these investigators, much the same treatments were given 
except that calcium oxide alone was used. Instead of measuring the 
evolved carbon dioxide, the soils were analyzed before and after treat- 
ment for carbon by the combustion method. Where no lime or manure 
was added to the soil, in one case there was a loss of carbon and in the 
other, a gain. The lime caused a greater loss in both the unmanured and 
the manured soils than in the corresponding unlimed soils. In the next 
series calcium carbonate was used. Here again a greater loss of carbon 
from the limed soil was observed, and also no account was taken of the 
carbon from the carbonate. In these carbon balance experiments 0.1 per 
cent and 1 per cent lime were used. 

Quite recently there has appeared a report from the Wisconsin Sta- 
tion ° on the effect of various inorganic fertilizers upon the carbon diox- 
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ide production in a soil. The only fertilizer used in this instance, which 
has a direct connection with this work, was ammonium sulfate. One 
kilogram of soil after being mixed with the salt was placed in a two-liter 
Erlenmeyer suction flask and after being made up to about 18 per cent 
moisture the soils were incubated at room temperature for twelve days. 
Air was drawn through the apparatus for ten minutes every twenty-four 
hours during this period and the carbon dioxide collected and determined. 
Amounts of ammonium sulfate from 0.1 gm. to 1 gm. per 100 gm. soil 
were used. All of the treatments increased the carbon dioxide evolution. 
The increases were as follows: 0.1 gm. 55 per cent; 0.25 gm. 75 per cent; 
0.5 gm. 55 per cent; 1.0 gm. 30 per cent Miami silt loam was the soil 
used. Nothing else is stated concerning its properties. 


EXPERIMENTAL. 


Several hundred pounds of Miami Silt loam were obtained from one 
of the station orchards, which is situated on the Wisconsin drift area. 
The soil is light in color, and low in organic matter. It contains 0.1137 
per cent nitrogen and 1.35 per cent carbon. It has a lime requirement 
according to the Veitch method of 600 pounds of calcium carbonate per 
acre. After partially air drying, the soil was thoroughly mixed and then 
allowed to air dry completely. All but 80 to 90 pounds was placed in a 
tin storage can and reserved for the remaining experiments in this series. 
The smaller sample was spread out, thoroughly mixed again and exactly 
1134 gm. (2% pounds) was weighed out into glass pots whose height 
was 11.5 cm. and whose diameter was 11.5 cm. At the same time a small 
sample of the soil was drawn and sealed up in a Mason jar. 

The general arrangement of the apparatus is shown in Figure 1 and 
the detailed arrangement in Plate I. The current of air, drawn by a water 
pump, first enters the flask A containing concentrated sulfuric acid, which 
takes the water and ammonia from the air. The object of removing the 
water is to keep the soda lime tube from clogging. The air then passes 
through tube B and C. Tube B holds 200 gm. of soda lime and tube C 
1.5 kg. The soda lime in B is renewed every two or three days during the 
course of an experiment. The current of air is then divided, one-half go- 
ing through D containing sulfuric acid of such a strength that it gives a 
partial pressure of water vapor about equal to the partial pressure of 
water vapor in the atmosphere of Iowa during the summer months. The 
other half of the air current goes through apparatus in all respects like 
that traversed by the-half entering D. The current of air, after leaving 
D, goes through twelve tubes, each leading to a bell jar. Only one of 
these is shown in Fig. 2, but they are all arranged in exactly the same 
manner. The air, entering the bell jar E, which is 35 cm. in height and 
15 cm. in diameter, passes over the soil in the pot F, bubbles through 
standard acid in G, and through 5 per cent potassium hydroxide in 
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H. H consists of a glass cylinder 20 cm. by 3.5 cm. The rubber stopper 
closing it bears a 25 cc. Kjeldahl connecting bulb. It is placed at such a 
height that when the air is passing through it, it is filled with alkali up to 
within a few mm. of the end of the bent exit tube. This makes a simple 
and effective carbon dioxide absorption tower. To test its efficiency two 
of these towers were connected in series to a bottle containing a dilute 
solution of sodium bicarbonate. A current of air was drawn through the 
system at about the rate used in all our work and very dilute acid was 
slowly dropped into the sodium bicarbonate solution. After one day the 
carbon dioxide was determined in the alkali in each bottle. After deduct- 
ing the blank for the alkali, the tower next the bicarbonate solution con- 
tained 350 mg. carbon dioxide, while the next tower contained 0.9 mg. 
This was considered a sufficiently complete absorption for our purposes. 
The treatment of the pots of soils in tons (T) and pounds per acre was 
as follows: 


POT NO. TREATMENT. 
1 2 13, 14 Check. 
3, 4, 15, 16 3 T. CaCOz 
Be BY, 48 1285 lbs. NaNOg 
7, 8 19, 2 1000 Ibs. (NH4)2SO« 
9, 10, 21, 22 3 T. CaCO3; 1285 Ibs. NaNOg 
ll, 12, 235, 24 3 T. CaCOg; 1000 Ibs. (NH4)2SO« 


Just before starting the experiment air was drawn through the appar- 
atus for an hour to free it of carbon dioxide. While this was being done 
3.4 gm. lime (precipitated calcium carbonate) were added to the desig- 
nated soils and very thoroughly mixed. The soil, whose saturation capa- 
city for water was 34 per cent, was made up to 22 per cent moisture as 
follows: First a fresh soil emulsion was prepared by mixing 400 gm. of 
fresh field soil with four liters of ammonia and carbon dioxide free 
water. After allowing the soil to settle a few minutes three liters were 
decanted and then 100 c.c. were pipetted into each of twenty-four 250 c.c. 
flasks, numbered 1 to 24 to correspond to the pot numbers. Solutions of 
ammonium sulfate and sodium nitrate of such a strength that 100 c.c. 
contained the required amount (0.5670 gm. and 0.7393 gm. respectively) 
were prepared. Quantities of 100 c.c. of each of these solutions were 
pipetted into the proper flasks and then all the flasks were made up to the 
mark with ammonia and carbon dioxide free water. After being shaken, 
the mixtures were poured into their respective soils, which were then 
immediately transferred* to the proper bell jars. The current of air was 


*In all the later work the procedure at this point was somewhat different. All the dry in- 
gredients were mixed with the soils and the pots containing the soils were placed under the bell 
jars. Carbon dioxide free air was then passed through the apparatus for an hour or more. Then 
the 250 c.c. of water (emulsion, etc.) was added to the soil by means of a long funnel. By the 
original method of procedure, no doubt, there was a slight loss of carbon dioxide, but by com- 
parison with work done by the second method of procedure it was found that this loss was rela- 
tively negligible. 
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turned on and run continuously throughout the period of the experiment. 
The experiment was started October 31, 1914. The alkali was transfer- 
red and the carbon dioxide estimated on the days shown in Table I. Pots 
Nos. 1 to 12 were run until November 27 and Nos. 13 to 24 until January 
18. Only the carbon dioxide results for the pots which were run the 
longer period are reported. Only two titrations were run on the other 
set and these agreed very closely with those given. 

Besides the determination of the evolved carbon dioxide, the ammonia 
liberated was determined. The original intention was to estimate the am- 
monia and carbon dioxide at the same time, but the amount of the former 
given off was so small this plan was abandoned. In this experiment 0.02 
N acid was used as the absorbent. For the soils Nos. 1 to 12 this was 
titrated directly with 0.02 alkali. Afterwards it was thought that part of 
the “ammonia” thus found was due to alkali dissolved from the bottle. 
Therefore for the remaining soils, at the completion of the “run” the acid 
was transferred to Kjeldahl flasks, made alkaline and the ammonia 
aerated into standard acid. The results apparently confirmed the sus- 
picion that part of the alkalinity was due to the bottles. 


MetTHops oF ANALYSIS. 
Total Nitrogen. 

Twenty-five gm. of soil were used for each determination. The sali- 
cylic acid method was used, the reduction being carried out by powdered 
zinc and the digestion after the Kjeldahl-Gunning method. Instead of 
distillation of the ammonia it was determined by the aeration method of 
Kober and Graves.’ Probably because of the insoluble residue in soil di- 
gestions we have found it necessary to aerate these solutions longer than 
the originators of the method advised. Using a current of air of about 
500 liters an hour for two and one-half hours was found to recover all of 
the ammonia, but for certainty all our aerations were run for three and 
one-half hours or more. Only by extreme care in every operation was 
the probable error of the determinations reduced as low as it was. By 
this method, working with this and other soils, we were able to determine 
all of 150 parts per million of nitrate nitrogen added to the soil. All de- 
terminations were made in quadruplicate. 


Ammonia Nitrogen. 

This was determined by the method proposed by the authors.** It was 
thought that in the case of limed soils there would be a loss of ammonia 
upon air drying. Some of the limed samples containing the larger 
amount of ammonia were analyzed in the moist condition and also after 
quickly air drying by the aid of an electric fan. In all cases the same 
amount of ammonia was found before and after the drying. Ali deter- 
minations were made in duplicate. 
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Nitrate Nitrogen. ; 

Nitrates were determined by the modification of the aluminum reduc- 
tion method as proposed by Burgess * using the apparatus proposed by 
us.!°> The determinations were always made on the wet soil within two 
hours after removing from the pots. 


Carbonates. 

The determination was made by the method of MacIntire and Willis,’* 
using a somewhat different apparatus than that used by them. A Kjel- 
dahl flask contained the soil and the absorption tower was just like the 
one used in the main part of the experiment. According to our experi- 
ence the atmospheric blank was not suffieiently constant to be included in 
the alkali blank. In all cases the apparatus was carefully freed from car- 
bon dioxide. One part of 85 per cent phosphoric acid to fifteen parts of 
water was used. This was shown by the sponsors of the method to de- 
compose quantitatively calcium carbonate in the soil. 

In Table I are found the results of the carbon dioxide determinations, 
expressed in pounds per acre. 

It will be observed that there are no results given for the time be- 
tween December 11 and 19. During that time the apparatus sprung a 
leak at such a place that it was not apparent to us, and all the results were 
high for that period. The degree of closeness with which the duplicate 
soils agreed is considered satisfactory. Something more in this connec- 
tion should be said in regard to the method of drawing out the carbon 
dioxide from the soil. It will be observed from the historical section of 
this paper that all of the previous work involved drawing the air either 
over or through the soil during only a short period once a day. In our 
work we attempted to have the air current the same over each pot, but 
this was adjusted only by observing the rate of bubbling of the air. This, 
at best, would give’ currents of air only approximately the same. The 
amount of air going over in twenty-four hours was from 25 to 50 liters. 
It was in these and later experiments observed that if one of the streams 
of air became partially or completely stopped for perhaps a day and then 
turned on fast for several hours before estimating the carbon dioxide 
the amount of the gas given off by this pot would be lower than its dupli- 
cate, and the deficit would never be made up. On the other hand, if one 
of the streams of air was turned on 5 or 10 times as fast as its duplicate, 
if the latter ran normally the duplicates would check as closely as ordin- 
arily. It was recently * found that the content of carbon dioxide in the 
soil atmosphere was not appreciably changed by high and continuous 
winds. In view of these facts it appears that experiments involving 
the drawing out of the carbon dioxide only once or even twice would not 
give correct results. There would undoubtedly be a lessened production 
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of the gas under these conditions. Itis not certain just why this should 
be so but the increase in the partial pressure of the carbon dioxide acting 
according to the mass action law would slow up the production and then 
the excess carbon dioxide would tend to be toxic to the bacteria. The 
current of air in our experiments assuming thorough mixing in the bell 
jar maintained an air mixture having a partial pressure of carbon dioxide 
somewhat below that in the normal atmosphere. 

The results for the various periods have been divided by the number 
of days in the period. This gives the average amount of gas given off 
per day for the respective period. The results found in Table II have 
been plotted and are shown in Figure 2. The curves as plotted carry the 
assumption that the average amount of carbon dioxide given off per day 
each period was being given off at that rate in the exact middle of the 
period. While not absolutely justifiable, some such an assumption seems 
necessary. The points of the curve between December 11 and December 
19, which were lost have been assumed to lie on a straight line between 
the two points before and after this time. This is the best that can be 
done and is no doubt not far from correct because the general tendency 
of all the curves is to be in straight lines. 


TABLE II. 


AVERAGE AMOUNT OF CARBON DIOXIDE GIVEN OFF PER DAY IN SOIL 
VARIOUSLY TREATED. 
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The most striking thing shown by the curves is the rapidity with 
which they drop to nearly horizontal lines. This is not surprising for the 
limed soils but the reason is not so apparent for the unlimed. That it is 
not due to the freeing of carbon dioxide mechanically held in the soil 
is shown by the analysis of the soil for carbonates. By the analysis of 
the original soil 318 pounds per acre of carbon dioxide were found. In 
the case of the check pots if it is assumed that the normal carbon dioxide 
production is 20 pounds a day after November 13, then the excess during 
the first thirteen days was 495 pounds. Therefore if all of the carbon 
dioxide found by the analysis of the soil were mechanically held and all 
of it were given off in the first few days, neither of which assumptions is 
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Figure 2—Diagram Showing the Average Amount of Carbon Dioxide given off 
per Day in Soil Variously Treated. 
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probable, there would still be an excess of 177 pounds given off during 
the first thirteen days. 

It has been shown by Klein‘ that the carbon dioxide production of 
soils is enhanced by previous drying and that the water soluble matter is 
increased in a clay loam soil low in organic matter. Perhaps the increase 
in the water soluble material, making a richer nutrient solution, is the 
cause of the increased carbon dioxide production. After a few days this 
rich nutrient solution would reach its normal concentration for the par- 
ticular soil and the bacterial activities would be somewhat lessened. It 
was recently shown by Russell and Appleyard'* that an increase in the 
carbon dioxide in the soil atmosphere of field soils after rains was always 
accompanied by a decrease in nitrates. They, therefore, concluded that 
the oxygen of the nitrates was utilized in the oxidation processes. In the 
soil used there were 44.3 pounds of nitrate nitrogen or 217 pounds of sod- 
ium nitrate. This might have served to enhance the carbon dioxide pro- 
duction. Still another factor which might have contributed to the init- 
ially large amount of carbon dioxide evolved is the fact that previous 
drying of the soil alters the colloidal condition of the soil, permitting an 
enhanced rate of oxidation.’ 

The data in regard to the carbonate content of the soils are given in 
Table III. The values which are given are the average of two closely 
agreeing duplicates. The results are expressed in pounds per acre of car- 
bon dioxide and calcium carbonate. 


TABLE III. 
CARBONATE CONTENT OF SOILS. 


6 o g< r) < | rv) ES o 
eo ee Ss za esi os ? 
-— 2 roy Qa ro | ee e a be 
3 168 5 R34 5 | Ziga|i = ga 5 
n Of < a | < | w Of | < os < 
dud | | | 
Origi- | | | 
nal ft See ae eee “Tipe Die: | Shek eR 9 ie Bee eens 
1 ee Re | ee is} 445) «485 261 261 
2; | 2970 170 386 386 ad SAU heieae oe sol oe Ge as eeenansss 
he i. ae eee a eS eee | 16 | 492 | 492 1118 1118 
4 540 544 1225 1235 Oh ae (ae "re Sen tC Fees vee 
5 he eer a | ge] 3a ] $3.5 1430 1276 
6 36 38 81.6 86.2 Cie a. Se eee Ta eee 
7 Sug Re See AS bey nae 20-1 §SB-1 $5.5 1430 1373 
8 40 38 90.8 86.2 Bh h ABOR Un isau nerd Cy ae re 
9 MOR? Bich scaaus BGs Nickens won | 22 | 496 | 494 1126 1124 
10 545 496.5 1238 1127 | 23 | 386 |......... > Pee 
1 "i eee Rs See 24 | 381 | 383.5 865 870.5 
12 339 310.5 770 705 | | | 


The carbon dioxide which is the direct result of the decomposition of 
organic matter was also computed. Where A is the carbon dioxide 
evolved, B that originally present in the soil, including that added in the 
lime, and C that left in the soil, and X is that which is the direct result of 
organic decomposition, then 


A-(B-C) =X. 


’ 
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The data so obtained are given in Table LV. 


TABLE IV. 
COMPOSITION OF CARBON DIOXIDE EVOLVED FROM ORGANIC 
DECOMPOSITIONS. 
COz added in CaCO3 COz from Oraginc Matter 
Treatment Soil Ibs. per Acre lbs. per Acre 
PPM antes asisicn ans caiceein 0 0 er 1787 
Je As 6: ae 15, 16 2,637 1693 
1285 Ibs. NaNOg..........0. eb” | a oe 1411.5 
1000. tbs; (NEg)eSOg...2..2.) 19,20) j(§ = § csvccs 1472.5 
3 T. CaCOs + 1285 lbs. NaNOs| 21, 22 2,637 1387 
3 T. CaCOg + 1000 lbs. 
Go) oS 3 eres 23, 24 2,637 893.5 


The results as given in Table IV are, to say the least, astonishing. 
Lime has time and again been proven to increase the bacterial activity 
of soils, yet in this case there is less decomposition in the case of the limed 
pots than in the unlimed. Perhaps if the experiment had been run for a 
longer time the results would have been different. This would be true 
if the curves for the carbon dioxide production had continued in a hori- 
zontal direction as the last few points indicated would be the case. In 
fact, in another experiment to be reported on later it was found in the 
case of four pots made up with the same soil and exactly like pots Nos. 1 
to 4 in this series, except that they were run 18 weeks, that the limed soils 
did give off more carbon dioxide from the organic material than did the 
unlimed. Just why the increase does not manifest itself immediately is 
not certain. It is , \ssible that the large amount of the gas given off by 
the limed pots inkvoits the action of the bacteria until it has diffused from 
the soil. It is believed that the experimental error involved in the deter- 
mination of the evolved carbon dioxide is quite small, but the error in the 
determination of the residual carbon dioxide in the soil is relatively large. 
An error in the titration of 0.1 c.c for instance, makes an error of 17.7 
pounds of carbon dioxide per acre. But the greatest variation of any of 
the duplicate titrations of the carbon dioxide in these soils was just 0.1 
c.c., so it seems that the variations in the above table are well out- 
side the experimental error. However, the values for the pots 23 and 24 
involving so many assumed values might quite possibly be too low. Our 
results for arr nonium sulfate are certainly contrary to those of Van 
Suchtelen ** and Fred and Hart.5 The soil used by the two later inves- 
tigators was a Miami Silt Loam, the same type as ours, yet there might 
have been decided differences in organic matter content, reaction, etc. 
The great differences are, no doubt due to the differences in the soil flora. 
It is also observed that the sodium nitrate treated pots show a decreased 
carbon dioxide production. The reason for this is not clear. The only 
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apparent explanation is that sodium nifrate at this concentration is toxic. 
This however is hardly probable. 

In Table V the ammonia evolved by the soils will be considered. The 
results are expressed in pounds of nitrogen per acre. Except for pots 
23 and 24 all the duplicate soils checked quite closely, hence for them 
only the averages are given. 


TABLE V. 
AMMONIA EVOLVED FROM SOILS. 
Ammonia Ammonia 
Treatment Soil Nitrogen Soil Nitrogen 
Ibs. per Acre Ibs. per Acre 
EE ee 2 0.5 13, 14 0.35 
Oh a oo eee 3, 4 0.55 15, 16 0.25 
1285 ‘Ibs. NaNO,....... 2.00. 5, 6 0.5 17,18 0.30 
1000 Ibs. (NH,)2SQO,........ 7,8 0.85 19, 20 0.30 
3 T. CaCOs + 1285 lbs. NaNOgs 9,10 0.85 21,22 0.35 
3 T. CaCOs + 1000 Ibs. 
CPPRPPURs ove cc cccccce 11,12 -.5 23 2.4 

24 2.95 


The losses while small were definite. For instance, one c.c. of 0.02 N. 
ammonia is equivalent to 0.5 pound of nitrogen per acre. As pointed out 
in the introduction, no doubt Nos. 1 to 12 are too high. The small 
amount of ammonia nitrogen lost from the limed pots is interesting. The 
loss of 2.7 pounds from pots 23 and 24 in the 12 weeks, if kept up would 
mean a loss of about 11 pounds during the year. However, as shown by 
Table VI the ammonium sulfate is gradually becoming transformed, so 
that the loss after the 12 weeks would be no greater than the soils receiv- 
ing no ammonium sulfate. 

In Table VI the amounts of ammoniacal and nitrate nitrogen are 
given. They are expressed in pounds of nitrogen per acre. 

It will be recalled that 212 pounds of nitrogen was added to pots 5 to 
12 and 17 to 24. The above data are of interest because, to the knowl- 
edge of the authors, they are obtained from the only experiment of its 
kind, showing the transformation of ammonium sulfate and sodium nitrate 
using an absolute method for ammonia. In all other like experiments the 
magnesia method or the hydrochloric acid extraction method have been 
used. The former gives too high results and the latter too low. 

The results from the above table suggest a possible reason for the de- 
pression of the carbon dioxide production in the ammonium sulfate treat- 
ed pots. In the case of these soils it seems that in no instance has it all 
been nitrified, which shows that at least ammonification has not been in- 
creased by the presence of the nitrate. Therefore it is possible that there 
has been such an increase in the nitrification that the number of the bac- 
teria has been reduced and hence carbon dioxide production inhibited. It 
is a well known fact that the nitrifiers can live and multiply in a medium 
free from organic matter. If, as our results show, there is a depression 
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in the carbon dioxide production, due to the application of ammonium 
sulfate, this need cause no deleterious result for the nitrifiers are appar- 
ently considerably activated. The finding of less nitrate nitrogen in the 
sodium nitrate treated pots than actually had been added is not, of course, 
necessarily due to denitrification in the narrow sense of the term; it is 
more probably due to assimilation. 


TABLE VI. 
NITROGEN IN THE SOILS AS AMMONIA AND NITRATE. 


m ——_— over 
mmonia as Nitrate as the corroes- 
Treatment Soil lbs. Ntrogen| lbs. Ntrogen Average ponding 
per A. per A. Unfertilized 
Pots 
Origi- | 
nal | 12.6 44.3 Fg halemite AE ames 
Cn een 4 11.4 60.7 Pe noe. Uke false 
se unites swiss oeleum aie’ a | 18.8 60.7 Geer. oD esas 
CMC Ogi 5 isis iais 0 o:si0.0 3 | 14.8 Gener Syne” Wee weteas 
eran 4 | 14:8 72.1 an Siete yes 
1285, Ibs, NaNOs....7... 000. en 11.4 BIGHGe toh Micaggce Jt) csganee 
Tee TCT eT Tee 6 | 12.4 218.1 218.9 158.2 
1000. ibs. (NH,4)2SOq......-. ret 13.6 CO A er meee tee 
pe saiaaieine a sicakinnls 8 | 13.4 104.8 104.8 44.1 
3T. “CaC0s + 1285 lbs. NaNOg 9 1752 Bete Ns on eee oe. feaaies 
NOR eek cate aun e0sn:ss 10 =| 14.6 209.8 209.8 139.4 
at: wee + 1000 Ibs. |: 11.6 Rees, 2) 4 eae, WP OY eteares 
12 16.4 \ 196.8 196.8 126.4 
13) 13.4 | SORtGe WO actos. = Clam tenets 
14 | 13.2 83.4 82.9 
15 | lost | lost |} wens 
16 | 13.0 | 113.4 113.4 
i | 18.1 | 1 | Sy i ee 
18 | 19.3 | 283. | 279.1 
19 | 34.6 | 257.6 He es acaretaie 
20 36.2 261.2 259.4 
21 M46) «| SAG | were 
22 =| 14.6 | 322.4 323.0 
3 t to; + 1000 lbs. | 
(NEED GS Ops oishicsses ss 23 | 18.1 _— ere aor 
gna ian 24 | 186 | 306.8 | 306.2 192.8 


As mentioned in the introduction, all total nitrogen determinations 
were carried out in quadruplicate. In the second column of Table VII 
the average and the probable error of these determinations are given. 
In the third column the average of the duplicate pots are given. In the 
next column are the corrected values. There is a slight correction to be 
applied to the limed soils. Assuming that after the experiment 2 gm. of 
lime remained, due to the “dilution” of the soil by this amount, 0.0002 
has been added to each value. The amount of nitrogen added to the re- 
spective pots, 0.01060 per cent has been subtracted. While the gain or 
loss given in the last column, in most cases is small, yet it is thought de- 
pendence can be placed in the ones which are greater than 0.0010. The 
untreated soils in the case of the four weeks’ run show a slight loss and 
no change for the twelve weeks. The limed pots in both cases show a 
slight gain. The unlimed sodium nitrate treated pots both show a loss, 
and the four and twelve weeks’ results being so nearly alike indicate that 
the loss all came at first. The total nitrogen of the limed sodium nitrate 
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pots is unchanged, indicating that the lime has done away with the loss 
of nitrogen, which loss might or might not have been due to denitrifica- 
tion. 

There are only slight changes in the ammonium sulfate treated pots. 
The loss of ammonia from soils 23 and 24, computed to the same basis 
as this table was 0.00013. It is seen, therefore, that to check the loss of 
ammonia from soil by total nitrogen determination is impossible unless 
much larger losses are involved than was found in this work. 


TABLE VII. 
DETERMINATION OF NITROGEN CONTENT OF SOILS. 


Nitrogen in per " 

Treatment Pot No. aa of Oven | Average feerete —. = 

Dry Soil orrecte ain 

he handed as keene s 1 0 Se a a en ae 
Pe 2 11277 + .00032 -11253 -1125 —.0012 
3 * —— pan 6566 ae one ew ee 3 ee Ree Rae Be oe 
Or eri 4 -11488 + .00019 . 11482 .1150 +.0013 

1285" ibs er 5 A Se ee eee eee eens 
err re Tere 6 -12176 + .00013 -12153 -1109 —.0028 

1000, ibe (NH,)2SOq.. 7 So a eee) en |e 
oat sbes eee ewkeene ce 8 -12632 + .00022 - 12631 .1157 +.0020 

aT. CaCO, + 1285 lbs. NaNOs ee en FE scueee | cahse  & «wk 
pic bdeheGes sencoes 10 -12575 + .00005 .12479 .1144 + .0007 

11 0, Bee, 2 ee a 

12 -12307 + .00016 . 12338 .1130 —.0007 

13 Sle) ee re ee ee, ee 

14 -11379 + .00021 -11374 .1137 .0000 

15 Sa Re?) ee ee ee, es So a 

16 -11428 + .00016 -11428 -1145 +.0008 

17 CE ee EE  ccceks- 1 sacs 8. | éewaw 

18 -12150 + .00059 -12176 -1112 —.0025 

19 ee oe ee essen 1 seese.”° © «xn eclen 
20 -12598 + .00010 -12505 .11445 +.00075 

21 Seek CF s.ancs | ieee 8 | aca 

22 12465 + .00018 - 12423 -1138 +.0001 

2 Ser 23 Sc See A aeeaae.. fo asaae> - 0” ~. Cees 
(ditto) Leas hak nn ee anwanes 24 | -12340 + .00000 . 12354 -1131 —.0006 

Origi- | 
nal -11370 + .00022 .1137 


SUMMARY AND CONCLUSIONS. 


1. In conclusion it should be stated that we are at this time planning 
some rather exhaustive investigations into the relation of the amount of 
carbon dioxide given off by soils to the manner and speed of drawing the 
air over and through the soil. As stated earlier in this paper, it seems 
that some such method as we have used would give results more typical 
of field conditions than where the air was drawn through the soil. Possi- 
bly the rate at which the air is drawn over the soil is of considerable im- 
portance. These and other points are being investigated. Until these 
points are settled too great emphasis will not be placed on the relative 
amounts of carbon dioxide evolved in this experiment. 

2. For all the soils except those treated with both ammonium sulfate 
and lime, about 0.3 pound of ammonia nitrogen was given off in the 


CARBON AND NITROGEN CHANGES IN SOIL. 93 


twelve weeks. If kept up throughout the year this would mean a loss of 
a little over a pound per acre in a year, an insignificant amount when 
compared to that lost by leaching, cropping, etc. The loss from the soils 
treated with both lime and ammonium sulfate was about ten times as 
high for the period of the experiment, but it is not at all probable that 
this rate would be held for a very long period after the application of 
the sulfate. Therefore, we can say with considerable assurance that the 
danger of loss of ammonical nitrogen from the soil of the type used here 
is practically negligible. 

3. In a general way, the total nitrogen determinations show there is 
a smaller loss or a greater gain of nitrogen for the limed soils than the 
corresponding unlimed soils. Whether the losses are due to denitrifica- 
tion or not, it cannot be said. The loss of nitrogen from the sodium 
nitrate treated soils and the gain of nitrogen in those soils treated with 
both sodium nitrate and lime, points to denitrification, yet this seems im- 
probable, for the soil in question is a soil low in organic matter, in good 
physical condition and not water logged. But in whatever manner the 
nitrogen was lost there are points which must be investigated before re- 
sults obtained as have these can be applied to field conditions. 
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PLATE I 


Apparatus Used in Determining Carbon and Nitrogen Changes in Soil Variously 
Treated, 


Carbon and Nitrogen Change in Soil Plate I 


Vol. I, No. 1 


Soil Science 


EFFECT OF GRINDING ON THE LIME REQUIREMENT 
OF SOILS.* 


By R. C. Cook. 


In applying the Veitch method for the determination of soil acidity, 
a question often arises as to the fineness of the soil sample. Obviously, 
the use of a fine sieve will make necessary the elimination of a large part 
of the soil and hence give misleading results when calculated to the acre 
basis. On the other hand, the use of a sieve with meshes too large may 
be equally objectionable. If, therefore, the soil might be ground so that 
a representative sample could be obtained, the problem of getting more 
dependable results would be greatly simplified. 

But in the grinding process a modification of the soil reaction un- 
doubtedly takes place. The effect of this treatment on some Iowa soils 
has been recently recorded by Brown and Johnson.? Certain sandy soils 
were ground and tested for acidity, with the result that in all cases noted 
the lime requirement was reduced by grinding. In fact, some soils hav- 
ing a high lime requirement before treatment became basic thereafter. 
It is interesting to note that the finer the soil was ground the more basic 
it became, and also that the increase in basicity was roughly proportional 
to the amount of sand contained. 

An explanation of this behavior might possibly lie in the assumption 
that the portions of the soils designated as “sand” were not sand in the 
chemical sense, but consisted of particles having a basic internal consti- 
tution, the surface of which may have become acid from exposure, or 
other causes. In this case the grinding, therefore, would be expected to 
increase the basicity. Since the finer particles of the soils are ordinarily 
composed of the more easily altered minerals it would not seem advisable 
to change their constitution more than necessary. There would also be no 
reason for grinding the fine particles which were already of the required 
fineness. Consequently, only those portions remaining upon the sieve 
were used in the grinding. Whether this procedure was followed, or the 
whole sample ground, is not stated in the work done at the Iowa Station. 

If the sandy portions were silica, it appears that grinding would 
expose a greater portion of the acidic material and accordingly increase 
the acidity. It seems to be an established fact, as well, that for the same 


* From the Soil Chemistry Laboratory, Rutgers College. 

1 Brown, P. E., and Johnson, H. W., The effect of grinding the soil on its reac- 
tion as determined by the Veitch method. In Jour. Amer. Soc. Agron., v. 7, no. 5, 
pp. 216-220, 1915. 
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material, that part which is in the finer state of division will usually mani- 
fest greater absorptive power. This physical factor strengthens our rea- 
sons for believing that the grinding of quartz sand would raise its “appar- 
ent acidity.” 

To test this point a sample of sand was examined for acidity both 
before and after grinding. The results recorded below seem to agree 
fully with the statements just made. 


Pounds CaO required per 
3,500,000 pounds sand. 
a NE MANN 6:5 a 0k sn nino gid as kn'e co awa 0 'b'nie le ors 08 247.5 
Quartz sand, ground to pass 100-mesh sieve ............... 412.5 
RNR IINS EINE oii Sociale sinieianias Seis ns ness 165.0 


Now if grinding free sand should increase its acidity there seems to 
be no reason why sand in soils (which in most sandy soils of New Jersey 
consists largely of silica and undecomposed silicates acidic in character) 
should not behave in a similar manner. With this in mind, a sandy soil 
was secured, put through a three-millimeter sieve, and that portion re- 
maining on a 40-mesh screen was employed in the next determination. 
Most of this material was distinctly quartz and feldspathic mineral sub- 
stance. A part of this was ground to pass an 80-mesh sieve, and the 
acidity of the ground and unground soil was then determined. 


Pounds CaO required per 
3,500,000 pounds soil. 
EP RRENNINED ss a pn obo wins igo 9 «isos wwe 6 1320 
Sandy soil, ground to pass 80-mesh sieve ..............2-- 1815 
NIRS RES RENNIN 50 a5 wis so b)Sipiadn.s digs So ss oss 495 


Since this experiment served to corroborate the observation made with 
the quartz sand it was decided to test a number of soils to see if some, at 
least, would not react as indicated above. Samples of six different soils 
were obtained and prepared for determinations of acidity by passing them 
through a three-millimeter sieve. The soils were then further sieved 
through an 80-mesh sieve and only those portions remaining upon it were 
ground. When all was reduced to this fineness the ground material and 
that previously sieved were thoroughly mixed and the lime requirements 
of this and of the unground soil were determined. 

The grinding was accomplished as before in a porcelain mortar. Any 
of the porcelain which may have been ground off. did not seem to appreci- 
ably affect the reaction as determined in a blank. However, the estima- 
tion of the blank could not be made absolutely true, inasmuch as more 
porcelain would be taken off when the soil was being ground than when 
the mortar and pestle were used alone. It is, therefore, not impossible 
that a slight error was introduced at this point. 
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The results of the determinations made in each case are averaged and 
tabulated below: 


Pounps CaO Regurrep PER 3,500,000 Pounps Sot. 


; : Soil No.3|_ . ; j 
Soil No.1} Soil No.2) Colling- |Soil No.4 Soil No.5 Soil No.6 
Type ent, Norfolk ton — ~ ~ 
a 
Loam | Sand peed Sassafrass Gravelly Loam 
Sieved through 3 mm. 3135 1320 | 1485 Neutral 2970 |} 3052.5 
Sievedthrough3 mm. and 

ground to pass 80-mesh 3630 1650 } 1732.5 412.5 3630 | 3217.5 
Increase due to grinding 495 330 247.5 412.5 660 165.0 


Here again there is shown to be an increase in acidity in all cases due 
to grinding. In one instance, that of Soil No. 4, a neutral soil became 
acid by this treatment. The increases observed do not appear to be much 
larger than could be accounted for by the increased surface of the sand 
particles, assuming them to be made up largely of silica. 

There is some variation in the amounts of increases and it seemed 
worth while to determine if an approximate mechanical analysis would 
be of any value in explaining these differences. 


MECHANICAL ANALYSIS OF SOILS. 


Mesh Soil No.1} Soil No.2|Soil No.3) Soil No.4} Soil No. 5| Soil No.6 
Jo Jo Jo %o %o %o 
3 mm.-20 meshes per inch 12 0 | 6 15 17 10 
20-40 meshes per inch... 30 2 | 17 22 30 28 
40-80 meshes per inch... 30 46 | 32 43 30 37 
WO ANd AvOVEs 60i6:5.66.05 28 a 45 20 23 25 


An examination of this table does not offer much enlightenment upon 
the behavior observed. However, if we eliminate Soil No. 6, we get a 
correlation between the amount of acidity increase and the proportion of 
soil remaining above an 80-mesh sieve. Soils Nos. 2 and 3 then, show 
the lowest increases and show also the least amount of sand to be ground. 
Conversely, the largest increases are noted for Soils Nos. 1, 4, and 5, 
where the percentages of coarse particles are large. No explanation is 
offered for the slight alteration to Soil No. 6. 

That diametrically opposite results were obtained at the Iowa station 
may point to a very interesting difference in the respective soil types. In 
no case, however, was the increase in acidity in New Jersey soils nearly 
as marked as the increase in basicity in Iowa soils, but the grinding has a 
distinct effect in either instance. Both observations point to the fact that 
soils should not be ground for acidity determinations. 


SOIL SCIENCE. 


SUMMARY. 


The experiments outlined above tend to indicate that: 

1. Soils should not be ground if used for determination of lime re- 
quirement by the Veitch method; 

2. Grinding sandy soils of New Jersey increases their acidity, instead 
of decreasing it, according to the method employed. 


